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1. The Chairman called for corrections or additions to the Minutes of the 
25th meeting. 


Dr. Julius E. Uhlaner has asked that a notation be made of the fact 
that he did not agree that subjects for the AGO night vision study 
should be selected for photopic visual acuity of 20/20, nor that a 
funduscopic examination of the subjects was necessary. Dr. Uhlaner 
has stated his belief that it would be undesirable to select a popu- 
lation for the AGO night vision study which wuld be biased with 
respect to a parameter which has been foundto correlate with night 
vision scores. Dr. Uhlaner agrees, however, that it wuld be desir- 
able for the photopic visual acuity of the subjects to be known. 


2. Dr. C. J. Mackenzie, President of the National Research Council of Canada, 
welcomed the Committee to Canada and described briefly the organization 
of the National Research Council. 


3. Dr. Lorrin A. Riggs presented a paper entitled "Retinal Responses of 
Some Night Blind Individuals as Measured Electrically,” a text of which 
is contained in the Proceedings. o o o © © © o © 0 © » © © © © © 0 © © o 20 


4. Dr. W. J. Crozier presented a paper entitled "Photosensitization of 
Visual Excitability.” an abstract of which is contained in the Proceedingse 05 


5. Dr. Richard Tousey presented a paper entitled "Night Myopia and Spherical 
Aberration," a text of which is presented in the Proceedings. . o o o o e 26 


6. Dr. H. Richard Blackwell presented a paper entitled “Preliminary Studies 
of Threshold Variability,” a text of which is contained in the Proceedings. 30 


7. Dr. William S. Verplanck presented a paper entitled "Day to Day Varia- 
bility in Threshold Measurements,” a text of which is contained in the 
PrOGmeGeeens 06 60 6 606 656 6d 18 8 RAY 86 Oe ake 66. O 86a eke 35 


8. Mr. John W. Cotton presented a paper entitled "The Dependence of Fre- 
quency of Seeing Data Upon Procedural Variables,” a text of which is 
contained in the Proceedings. Se LOO Le sal hig hie ule sek! alee a: FLO ata Blok Oke sae ho 


4 9. Dro C. J. Burke presented a paper entitled "Some Problems in the Evalua- Pg 
tion of Differences Among Sets of Frequency of Seeing Data," an abstract 
of which is presented in the Proceedings. . 6 o o 00 0 ¢ 0 9 6 0 © @ 0.0 54 


_ 10. Dr. Lloyd H. Beck presented a paper entitled "Theoretical Aspects of 
Psychophysical Measurement,” a text of which is presented in the Pro- 
PGR R is Fe 6 ee CECE ee Ww oS ee e's eee 
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ll. Dr. Deane B. Judd presented a paper entitled “Spectral Transmittance 
Requirements for Neutral Type Sunglasses,” a text of which is presented 
im the: Proodedingss 6 3) so ooo 2 0 6 60 


OS Oe a, | CL oh eal rie ay ene ee 63 
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12. 


13. 


14. 


15. 


16. 
_ presented a report for the Subcommittee, the text of which is included 


; ee 


18. 


19. 


a0, 


21. 


220 


1950 meeting of the Subcommittee on Night Vision be read into the Pro- 


erepenved 2 THe FroCeeUluehs, 5 so so ego 4s, b16) 6) 8b 6.8) 1b 6 


the Minutes and Proceedings of the meeting. A summary may be found in 


eee ie 


Dr. W. S. Verplanck, Chairman of the Subcommittee on Night Vision, 
presented the Report of the. Subcommittee, the text of which is contained 
in the Proceedings » o is ° o o °o o o o ° o °o °o o ° °o ° o ° o o o. oo, .9 p. oO 


THE REPORT OF THE SUBCOMMITTEE ON NIGHT VISION WAS UNANIMOUSLY ACCEPTED 
BY THE VISION COMMITTEE, AND THE SECRETARIAT WAS AUTHORIZED TO TRANSMIT 
THE REPORT TO THE MILITARY DEPARTMENTS. vaca 


Dro We S. Verplanck requested that a summary of discussions at the May 26, 
ceedings. A summary may be found in the Proceedings. o «© 0 0.0 0-0 © o 


Dr. W. S. Verplanck, Chairman of the Subcommittee. on Night Vision, 
requested that the summary of opinion which was collected by the Secre- 
tariat, concerning the project plan of the AGO Night Vision Testing 
Study, be read into the Minutes and Proceedings. The summary of opinion 
is contained in the Proceedings. 0 @ © Of BY 011,00 ro? cor lo (Ob rel © fo enfos ote 


Dr. Eo. O. Hulburt, Chairman of the Subcommittee on Visibility and Atmos- 

pheric Optics, requested that a summary of the discussion at the May 26, 

1950 meeting of the Subcommittee be read into the Minutes and Proceedings 
of the meeting. A summary may be found in the Proceedings. o o » o o o 


Dr. R. G. Scobee, Chairman of the Subcommittee on Visual Standards, 
in the Proceedings. C518 AON OF, OT DP EOK Op One © as Sire a doy WW Wet HO | S(O OF Oe 


Dr. Ro Go Scobee requested that a summary of the discussion at the 
May 27, 1950,meeting of the Subcommittee on Visual Standards be read 
into the Minutes and Proceedings of the present meeting. A summary is | 


Lt. Commander Dean Farnsworth presented a report of the Subcommittee. on: 
Color Vision for Deane B. Judd, Chairman. The text of the report is 
Presenved 1m Tite: PrOseGE Mess 6 oo 6 6) 86 ke Beth ee 8 8 ee 


Dr. Deane Bo Judd requested that a summary of the discussion at the . 
May 27, 1950, meeting of the Subcommittee on Color Vision be read into 


the Proceedings. . oo. OPO, OF B COL iD Oy oO) Oh. Ore VreyIBige fF OUR Y bio OOo Ge 
Dr. Theodore Dunham, Jr., Chairman of the Subcommittee on Reflection. 
Optics, presented the report of the Subcommittee, the text of which is 
contained in the Proceedings. o «© 0.0 0 0,0 0% o::0:@ 00 6 60 © wi ecle a!” 
Dr. Dunham requested that a summary of the discussion at the May 27° 
meeting of the Subcommittee on Reflection Optics be read into the 


Minutes and Proceedings of the meeting. A summary is contained in the 
Pe TOO OER go a a ew, woe bce Lee | 


Dre Re. G. Scobee, Chairman of the Vision Committee, reported on the ; 
meeting of the Executive Council of the Vision Committee held May 26. 
The text of Dr. Scobee's report my be found in the Proceedings... ss % 


ae 1T 


23. Dro Scobee described a plan for reorganization of the Vision Committee 
Structure which was approved by the Executive Council at the May 26 
meeting, The reorganization plan is as follows: 


PROCEDURAL REORGANIZATION OF THE VISION COMMITTEE 


In a meeting on May 26, 1950, the Executive Council of the Vision 
Committee considered the working effectiveness of the Committee and decided 
upon a procedural reorganization which, it is hoped, will increase the effec- 
tiveness of the Committee. Basically, the plan involves substituting the 
“working group” for the Subcommittee as the working unit of the Committee. 
The working group will normally be considerably smaller than the present 
Subcommittee; it will be established with specific objectives, at the attain- 
ment of which it will be disbanded. Provision will be made to reimburse 
members of the working group as consultants, since it is believed that con- 
siderable time will have to be devoted to the assigned problems. The working 
group will have associated with it an advisory panel to review periodically 
the decisions reached by the working group. In this way, the working group 
and its advisory panel should make it possible for substantial amounts of 
time to be spent on a problem by a few consultants, with occasional advice 
from members who may well be unable to devote the considerable amounts of 
time required for the adequate solution of a problem. 


Visual problems on which Vision Committee action is to be undertaken 
may ceme from three sources: 


(a) They may arise within the military departments in which case the 
appropriate military liaison officer will decide whether they come 
within the province of the Vision Committee. Problems deemed 
appropriate will be submitted to the Secretariat. 


(b) They may arise within the Vision Committee membership and be sub- 
; mitted directly to the Secretariat. 


(c) The Secretariat may itself recognize certain problems and initiate 
consideration of them. 


Once the problem has come to the attention of the Secretariat, irrespec- 
tive of its source, the Secretariat will undertake preliminary examination of 
the problem. On the basis of this examination, the Secretariat will prepare 
a tentative schedule of action and submit it to the Executive Council. The 
tentative schedule of action will include the type of working group to be 
selected, and suggestions as to the chairmen of the working groups and mem- 
bers of the advisory panel. The liaison officers for the military depart- 
ments are expected to contact personnel within their services who might be 
interested in the problem to obtain their comments with respect to the 
problem and the suggested plan of action. It is believed that this will 
lend wider scope to problem studies and render them more valuable to all the 
military departments. 


When comments have been received from the military liaison representa- 
tives, the Secretariat will prepare a final schedule of action, including a 
recommendation for the chairmanship of the working group and membership of 
the advisory panel and submit it to the Executive Council. Upon approval by 
the Executive Council, the Secretariat and the Chairman of the working group 
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will collaborate in selection of members of the working group and in drawing 
up plans for the activity of the working group. ~The Secretariat will then 
transmit a statement of expected activities and expenditures to the Office 

of Naval Research, attention of the Scientific Officer, who will prepare the 
letter of authorization for the signature of the Contracting Officer. When 
approval has been received from the Contracting Officer, the Working group 
will begin activity. The Secretariat will keep informed of the status of the 
activities of the working groups and will assist the working groups in all 
possible ways. 


The military liaison representatives shall have the privilege of appoint= | 
ing military liaison members to the working groups, subject to the approval 
of the chairmen of the working groupso 


The working groups will prepare a final report which will be considered 
by the advisory panel, and, if approved, transmitted to the Secretariat and 
hence to the appropriate military liaison officer or officers. The final 
report will also be transmitted to the Executive Council and copies of the 
report will appear in the Minutes and proceedings of the Committee, unless 
classification prohibits. 


The entire membership of the Vision Committee will be kept informed of 
the activities of the working groups through semi-annual meetings and through 
the printed records contained in the Minutes and Proceedings of these 
meetings. Program items for these meetings will come from two sources: 

(a) reports of working groups, and (b) scientific papers. Whenever pos- | 
sible, meetings of working groups and their advisory panels will take place —— 
the day before either of the two semi-annual meetings. Obviously enough, 
if an answer to some problem is urgently desired, this delay would not be 
possible. The main meeting of the Committee will be held in Washington each 
year during the first week in April. At this meeting, travel expenses of 
all NRC and all associate members will be paid. The second meeting of the 
Committee will be held in November, the location of the meeting to be varied ~ 
from year to year, with the expressed hope that meetings may often be held in 
military installations. At the November meeting, travel expenses for all NRC 
members will be paid, but travel expenses will be paid for only the associate 
members who are serving on working or advisory groups reporting to the 

meeting. As in the past, members representing the military services will 
normally utilize travel funds from their own service. When military repre- 
sentatives are unable to travel in this way, the use of Committee funds is 
possible provided: (1) the meeting agenda is of especial interest to the 
military representative; and (2) the Secretariat is notified that the mili- 
tary representative is on leave from government employ during the period 
covered by the travel expenditure. 


Whenever feasible, reports from currently-active working groups will be 
incorporated into the agenda of the Committee meetings. Scientific papers 
which members desire to present before the Committee should be submitted to 
the Secretariat in advance of the meetings. 


An attempt will be made to select scientific papers for presentation at 
the Committee meetings so that the meetings will be organized about a few 
topics. This will mean that the Secretariat will have occasion to decline 
certain papers which do not fit into the pattern of topics of the meeting. 
On the other hand, the Secretariat may request that members prepare papers 

a. 
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for presentation at the meetings in order to facilitate consideration of 
problems to be presented before the Committee. 


In order to facilitate operation of the reorganized Committee, the 
Executive Council will meet not less than two nor more than four times a 
year. 


24. Dr. Scobee reported that the Executive Council has appointed Dr. 
Alphonse Chapanis to represent the Vision Committee at the National 
Research Council Conference on Highway Safety Research which has been 
set up under the NRC, Division of Engineering and Industrial Research 
in order to evaluate a report prepared by the Advisory Group on Highway 
Safety Research of the President's Highway Safety Conference. 


, 25. Dr. Scobee, on behalf of the Vision Committee, expressed his sincere 
thanks to Mr. W. Eo. K. Middleton for his activities in organizing the 
Vision Committee meeting and to his assistants of the Canadian Research 

; Council for their gracious hospitality. Dr. Scobee expressed his belief 
that the meeting will be long remembered, since it was most enjoyable. 


Dr. Scobee reported that the Executive Council has received an invitation 
from the Ohio State University, through Dr. Glenn.A. Fry, suggesting that 
the November meeting of the Committee be held in Columbus. Dr. Scobee 
announced that the invitation has been accepted with pleasure, and that 
the exact date of the meeting will be announced as soon as all the 
arrangements have been completed. 


* * K K * 
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RETINAL RESPONSES OF SOME NIGHT BLIND INDIVIDUALS AS MEASURED ELECTRICALLY 


Lorrin A. Riggs 
Brown University 


INTRODUCTION 


In Psychophysical experiments the night blind have two main characteristics: 
(a) unusually high thresholds when tested under low levels of illumination, and 
(b>) a reduction in the ability to dark adapt as indicated by the curve relating 
visual threshold to time in the dark. The psychophysical evidence is sometimes 
supported by clinical examination of the retina in these cases. The experiments to 
be described here provide still another way of studying night blindness, that 
of measuring the electrical activity of the retina. Experiments on dark adapta- 
tion in the normal eye have revealed (a) that the principal véspedss"teoulen as 
measured electrically increases markedly with time in the dark, and (b) that 
smaller and smaller sntensities: of light are required to produce a bewave as dark 
adaptation proceeds. It is reasonable to suppose that in night blind indivi- 
duals we should obtain smaller b-waves and require larger intensities of stim- 
lation than in the normal eye. This expectation is partly based upon the well . 
established fact that the b-wave of the retinal response originates primarily 
from the scotopic mechanism of the retina, which is presumably absent or degene- 
rate in the night blind. 


DATA ON THE NIGHT BLIND 


Subject LG, congenital night blind® 


Figo 1 shows that the cone threshold of LG, a night blind subject, is about 
1.3 log units above standard, and his rod threshold 3.5 log units above standard, 
the ot Sane value obtained in the fully dark adapted eye (data supplied by Dr. 
Sloan). 

With regard to the extent of dark adaptation, the curves of Fig. 1 indicate 
that the rod portion is either absent or much curtailed. The rod portion of the 
curve shows some rather large variability in the thresholds, but it would seem 
that not more than .5 log units change in threshold has occurred during dark 
adaptation from 7 minutes to one hour. One might therefore predict that a simi- 
lar change in excitability would be shown in electrical records obtained during 
the course of dark adaptation. That this prediction holds may be seen from the 
electrical data on height of b-wave, as shown in Fig. 2. It is clear that there 
is a change of not more than .4 log unit in the intensity of light necessary to 


I. this research was carried out under Contract Nfonr=556, Task Order bt Project 
NR=-140-559, between the Office of Naval Research and Brown University. 

20 Johnson, E.P. The electrical response of the human retina during dark-adapta- 
tion. J. Exper. Psych. 39, 597-609, (1949) : 
3. This subject was first observed by Dr. Louise Sloan of the Wilmer Opthalmolo- 
gical Institute, who obtained data on his ability to dark adapt, the distribution 
of sensitivity throughout the retina and color sensitivity. Dr. Sloan kindly 
arranged to have this person visit our laboratory for the electrical measurements. 
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arouse a given height of response during the course of dark adaptation. * 


The diminished responses of LG are illustrated by Fig. 5. The upper record 
is a response by the eye of the congenitally night blind subject to a flash of 
light having a brightness of approximately 150,000 footlamberts in the dark- 
adapted eye. The lower record is the response of a normal eye to a flash having 
a brightness of 1.500 footlamberts. It may be noted that the response of the 
night blind subject differs markedly in its time relations from that of the nor- 
mal subject. In fact, the upper record, that of the night blind subject in the 
dark adapted condition, closely resembles records of normal subjects in the light- 
adapted state. 


To summarize the information on subject LG, there is relatively close agree- 
ment between the electrical data and the psychophysical data with respect to both 
absolute sensitivity and degree of dark adaptation. The conclusion from both lines 
of evidence would seem to be that the scotopic mechanism is poorly developed in 
this individual and this conclusion is amply supported by the further data of Dr. 
Sloan on lack of sensitivity in the extra-foveal regions of the retina. 


Subjects HS, WB and RR, retinitis pigmentosa” 


These three subjects exhibit various stages of degeneration of peripheral 
vision as a result of retinitis pigmentosa. This disease, which is hereditary, 
in its early stages involves the degeneration of the retinal rod receptors. As 
the rods degenerate, they leave a perforation of the outer limiting membrane | 
which normally supports these receptor cells. Blindness begins with small scoto- 
mata of the peripheral regions and year after year,.a progressive invasion of the 
more central portion of the retina. The foveal region is the last to degenerate. 
Except for the early stages, it is possible to observe pigmentation of the retina, 
the phenomenon from which the disease takes its name. This condition presumably 
represents a migration of pigment from the pigmented layer surrounding the recep- 


tors through the perforated outer limiting membrane to the inner surface of the 
retina. 


4, A case of hereditary night blindness has been described by Karpe (see Karpe, Go, 
The basis of clinical electroretinography, Acta Ophthalmologica, Supplementum 24, 
Stockholm 1945). In this case the retinal responses were “extinguished.” The 
records resemble those obtained by us for the retinitis pigmentosa people. Karpe 
also obtained data on 4 cases of retinitis pigmentosa, all of which exhibited 
"extinguished ERG's." We doubted whether the intensity used by Karpe was suffi- 
cient to be critical, but now it appears that our results are also essentially 
negative, even with brightness in the neighborhood of 2 million footlamberts. 


5. The retinitis pigmentosa cases were furnished to us through the kindness of 
Dr. Dan Gordon, an opthalmologist of New York City. Our attention was called to 
these cases by Dr. Roy G. Hoskins of the Boston Branch of the Office of Naval 


Research, to whom we are indebted for making the necessary arrangements for the sub- 
jects to come to our laboratory. 
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Subject HS. This subject represents an early stage of degeneration. The 
pigment spots in his eye are very small. He appears to have relatively good 
vision, particularly in the central part of the eye. He is able to dark adapt 
down to a level which is within the normal limits of the dark-adapted threshold. 
This is attested to by the fact that after 75 minutes in the dark he is able to 
see a light 9 log units below maximum intensity but is unable to see one 9.5 
log units below maximum. Electrical responses were elicited from the eye of HS 
by the usual procedure of applying short flashes to the dark-adapted eye. It was 
found that an intensity of approximately 2 million footlamberts was required to 
elicit even minimal responses from the retina. This intensity is approximately 
4.5 log units higher than normal for these very small electrical responses. No 
responses whatever are elicited until after 20 minutes or more of dark adaptation. 
The only feature of the electrical response which appears to be normal is that of 
a relatively slow "c-wave,”" which we have found to be correlated with the pupil- 
lary mechanism rather than the retina itself. 

With respect to HS, we must reach the surprising conclusion that an eye 
which is functioning almost normally can suffer a nearly complete loss of the 
electrical response of the retina. This suggests that the mechanism responsible 
for the retinal response in the normal eye must suffer damage which is earlier 
and more extensive than that which affects a person's vision. 


Subject WB. This subject represents a.more advanced case of retinitis than 

HS, Since the results on WB are fairly representative, we shall describe them in 
more detail. Fig. 4 shows, in the upper record, a response from the eye of WB to 
our highest intensity of white light. The lower record is the response of a nor-= 
mal subject, WM, to a flash of white light whose intensity has been reduced by 
4.6 log units. It is apparent from these records that WB shows almost no response 
in the nature of a b-wave, but that his c-wave response is similar to that of the 
normal subject. We may conclude that, in terms of electrical response, WB is more 
than 4.6 log units less sensitive to the stimulation by white light than the nor- 
mal subject. 


Further measurements on WB, this time with a red light of high intensity, are 
shown in Fig. 5, where they are compared with a response from a normal eye to the 
same intensity of light. This figure again shows the c-wave or pupillary compo- 
nent of the response and again reveals an almost complete absence of the b-wave, 
which is the principal retinal component. Detailed measurements of these records 
show that when the eye of WB is fully dark adapted it exhibits a very small b-wave 
whose peak is reached 0.13 second after the onset of the flash of light, as com- 
pared to a time of 0.11 second for WM, the normal subject. The c-wave developed 
by WB, the retinitis patient, reaches a peak approximately 0.37 second after the 
flash, and the normal subject shows a similar latency of 0.38 second. 


eS 


Our conclusion with regard to WB is similar to that for HS in that electrical 
responses, while present and identifiable, are extremely small by comparison with 
the normal retina. 


Subject RR. This subject represents a fairly advanced stage of retinitis 
pigmentosa in which foveal vision has also begun to suffer. With this subject we 
obtained no electrical responses in the form of the b-wave. There is, however, a 
clear c-wave similar to those of the other subjects and having a latent time of 
0.55 second from the flash to the peak of the wave. In the case of RR we also did 
an experiment in which electrodes were placed in a position often used to measure 
eye movements. The electrodes were located on the temporal bones in positions 
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near each of the eyes. Under these conditions RR showed a potential shift of 
about 40 microvolts accompanying a 15 degree lateral movement of the eyes. Three 
normal subjects under corresponding conditions showed shifts of 117, 72 and 107 
microvolts respectively. It is concluded that very likely the resting potential 
of the eye of RR has suffered a diminution, accounting for the small size of these 
responses. Eye movement records associated with reading were clear and easily 
measurable in the control subjects but were totally absent in RR. 


SUMMARY AND CONCLUSIONS 


As a result of these experiments, it appears that electrical responses agree 
with psychophysical data on a case of congenital night blindness in whom no reti- 
nitis is present. This is true for the elevation of the visual threshold and also 
for the degree of impairment of dark adaptation. With the retinitis pigmentosa 
cases, however, there is a remarkable lack of responsiveitess as measured electri- 
cally, even when normal vision has suffered but slightly. In two of these cases, 
furthermore, visual acuity in the foveal region was still very high. It was our 
Original anticipation that under these conditions we should obtain sizeable elec- 
trical responses initiated by the intact foveal cone receptors. The absence of 
such responses leads us to a tentative hypothesis, namely, that the retinal de~ 
generation associated with the puncture of the outer limiting membrane, the migra- 
tion of pigment and other abnormal conditions may have produced an electrical 
"short circuit” such that it becomes impossible for a potential difference to be 
developed across the retinal layers. An experimental test of the hypothesis is 
planned, to consist of perforating the retina of a frog and measuring the resulting 
changes in the retinal response. 


It may be mentioned in connection with the above hypothesis that we have also 
observed two patients in whom there is marked foveal impairment without serious 
disturbance of the peripheral retina. In each case there is sufficient macular 
degeneration so that acuity is very poor and reading is difficult or impossible. 
In these cases the electrical responses on stimulation of the eye by light are 
nearly normal. One case of this sort, HW, requires approximately 0.7 log units 
more light than normal to arouse a given electrical response from a large region 
of stimulation. When stimulation is confined to a spot 1.25 degrees in diameter 
within the rod free area of the fovea, there is a difference of approximately 1.3 
log units between HW and the normal subject. From this we must conclude that 
even in the absence or serious impairment of foveal cones we do obtain records 
when we stimulate small regions within the fovea. A similar finding has later 
been obtained in normal subjects by stimulating the receptor free area of the 
optic disc or blind spot. It is believed that responses so obtained are from the 
rod receptors which are stimulated by light scattered from the main point of sti- 
mulation. It is to be noted that with such small areas of stimulation the inten- 
sity of light is extremely large. 


The experiments on electrical responses appear to constitute an extremely 
sensitive test for retinitis pigmentosa. It would seem possible that if we 
happened to test a person in whom the responses were extremely small, it might 
later turn out that such a person was developing the degenerative disease of 
retinitis pigmentosa. This condition, however, is quite rare}; so that the like-~ 
lihood of our coming across such a case in our limited number of subjects is not 
very great. It might, nevertheless, be profitable to measure the responses of 
young normal persons, one of whose parents is afflicted with retinitis pigmentosa, 
Since the condition is hereditary. Certainly our technique is too specialized 
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and time consuming to be used as a routine clinical test. 


DISCUSSION : 


Dro 


Dr. 


Dro : 


Dro 


Dro 


Drs 


Rowland asked whether the electrical records obtained from the cases of reti- 
nitis pigmentosa involved stimulation of the fovea by light. 


Riggs replied that, in all the pigmentosa cases, the retina was stimulated 
over a large area including the fovea. 


Judd expressed interest in the fact that the transition from cone to rod 
vision in the dark adaptation process seemed to occur at a different point 
in time for the psychophysical data and the electrical potential data. Dro 
Judd stated that the slides seemed to show cone to rod transition at eight 
minutes with psychophysical measurements and a similar transition at from 
two to five minutes with electrical response data. 


Riggs agreed with Dr. Judd that the point of transition from cone to rod 
vision is not equivalent for the two methods of measurement. He suggested 
that the difference is possibly due to the fact that the electrical recording 

does not include any component from the cone system, as Johnson has shown. 
Since the electrical record is entirely a rod record, the apparent transition 
in the dark adaptation curve is not really a cone to rod transition, and, 
therefore, one would not expect correspondence with the transition point 
found with psychophysical measurements involving cone and rod receptor systemso 


Sloan commented upon the second slide which represents the magnitude of elec- 
trical response during the progress of dark adaptation. Dr. Sloan expressed 
interest in the flat portion of each of the curves. She asked whether this 
really means that there is an absence of increased sensitivity during the 
first three or four minutes. 


Riggs replied that the flat portion of the curves in Figure 2 is related to 


the fact that there is a threshold of sensitivity of the measuring device 
which tends to make equivalent all responses below a certain magnitude, and 
thus appears to indicate no change in sensitivity, although there is actually 
‘a change in sensitivity going on. 


_Scobee expressed interest in the theory suggested by Dr. Riggs that the absence 


of the electrical potential, in the case of retinitis pigmentosa, was due to ~ 
ye rforation of the external limiting membrane. Dr. Scobee expressed hope that — 
it would be possible to obtain evidence for or against this theory. P 
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Fig. 1. Dark adaptation curves for subject IG (night blind) and standard 
observer. Data of Dr. Lowise Sloan, 
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Fig. 2. Magnitudes of electrical responses for subjects LL (normal) and IG (night 
blind) as dark adaptation proceeds. 


800 


600 


(pv.) 


400 


200 


B- WAVE 


of 


HEIGHT 


200 


TIME IN DARK (min) 


Sse 


= - 


Fig. 3. Photographic records of electrical responses of the retina in the dark- 
adapted eye. Upper trace represents the responses of Subject IG (night blind) 
to stimulation by a flash having a brightness of approximately 150,000 footlam- 
berts. Lower record, responses of subject FR (normal) to a flash having bright- 
ness of approximately 1,500 footlamberts. 


Fig. 4. Photographic records of electrical responses to white light. Upper 
trace, subject WB (retinitis pigmentosa), responses to flash of maximum brightness. 
Lower trace, subject WM (normal), responses to brightness 4.6 log units lower. 
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Fig. 5. Photographic records of electrical responses to red light of very high in- 
saat Upper trace, responses of WB (retinitis pigmentosa). Lower trace ,WM (nor- 
mal). 


Portion of photographic record at the right of this figure shows step-wise 
increases of 100 microvolts as calibration of the apparatus. Heavy vertical time 
lines are at intervals of 0.1 seconds. 
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ON PHOTOSENSITIZATION OF VISION. 
(Abstract) 


W. J. Crozier 


Harvard University 


A brief account is given of two aspects of photosensitization of visual 
excitability. 


At the central fovea, dark-adapted, with quite small images, a large number © 
of determinations (uniocular) have been made of the form of the seeing-frequency 
function (w!S]) for wavelengths between 385 mi and 712 ma, using brief exposures. 
The S.D. of the log-Gaussian integral which efficiently describes the data is a 
periodic function of wave number. Its magnitudes refer directly to properties of 
locus of excitation. It exhibits 5 maxima in the 385 - 712 range. The A-positions 
of the maxima and minima are strikingly correlated with independently known facts 
about excitation in relation toa. 


Outside the fovea, the S.D.'s for dark-adapted Y(S) do not exhibit this 
multimodal distributions; they drop smoothly to a single minimum at A509. 


There is reason to regard S.D. at the central fovea as a measure of the size 
of the available population of potentially excitable elements in the O to 100 per 
cent. seeing frequency range. Regarding the graph of S.D. vs. Aas an ‘action _ 
spectrum', there tums out to exist a rather remarkable correspondence (apparently 
unique) between the A,-maxima (and details of form in the curve) and those known to 
be characteristic of a particular group of substances: cytochrome-c reductase 
(a flavin); the reduced forms of cytochrome-c and -a: and the red absorption bands 
of oxidized cytochrome-c. 3 Es 


The participation of these materials at the central fovea, where capillaries 
are missing, yet resistance to anoxia is highest, seems reasonable. The correla- 
tion with color data suggests a variety of testable considerations. 


By the use of compound A bundles, and by differential adaptation, evidence 
had been obtained which appears to j stify the conception of photosensitization 
as applicable to the o phenomena at the fovea. 


One aspect of this is found in the effect of pre-existing low intensities of 
illumination on threshold excitabilities for brief flashes. It is commonly supposed 
that maximum excitability is obtained under dark adaptation. When tests are made 
in such a way as to determine AI against large background As: the intensity of 
which is at one end of the scale = 0, it is found that wheh I~ is low but finite . 
the median log AI may be decreased by as much as 1.6 log units, as compared to the 
median “absolute™ threshold.with = 0. The spectral distribution of this capa- 
city for photosensitizing is being studied systematically. 


DISCUSSION: 


Dr. Blackwell asked what the relation is between the Slope parameter and the median 
for the frequency of seeing curves as related to wavelength, He asked whether 
the ratio of slope to median is constant as a function of wavelength. 


Dr. Crozier replied that the ratio of Slope to mean is not a constant as a function 
of wavelength. The periodic changes which are evidenced in the threshold as 
a function of wavelength are accentuated when one plots, instead of the 
threshold value, the ratio of the slope to the mean. 


26 eR RTED, 
NIGHT MYOPIA AND SPHERICAL ABERRATION 


Ro Tousey 


Naval Research Laboratory 
Washington, D.C. 


You may recall that Mr. M, Koomen and Mr. R. Scolnik and I have been engaged 
in a study of night myopia at the Naval Research Laboratory for several years. 
The methods of measurement and the early results were reported to this committee 
three years ago. Today, I do not wish to take time toreview the work in detail, 
but only to summarize the results and to describe an experiment which throws 
further light on the cause of night myopia and on the relation between night 
myopia and brightness. Our approach has been to investigate exhaustively a few 
trained observers, and Mr, Koomen, Mr. Scolnik and I are the observers. 


Our thesis is that night myopia is due principally to the spherical and 
chromatic aberrations of the eye. We believe that it is not necessary to resort 
to the idea of involuntary accommodation to explain night myopia. In this respect 
we differ from Otero and the Spanish group, and from Wald and Griffin. 


I would like totegin by describing a simple experiment. We selected a lens 
which was not corrected for spherical aberration. The lens was a simple plano- 
convex; the back focal length was about 14 cm and the aperture was f/2.3. This 
lens, obviously, had a good deal of spherical aberration and the marginal rays 
came to a focus closer to the lens than the paraxial rays. We studied its image- 
forming properties. We placed a fine ground glass screen in the focal plane of 
the lens, and set up as objects high contrast grating targets of various spacings. 
Under these conditions it was at once obvious that the best focus for a coarse 
grating target lay closer to the lens than for a fine grating target; in other 
words, the position of best focus depended on the type of object being viewed. 

We studied this further by setting up three gratings of different spacing and 
photographed the images directly onto film, using this simple lens as the camera 
lens. Fig. 1 shows the photographs obtained for two focal positions. Fig. 1A 
was obtained at the position where the fine targets were best resolved. This was 
the paraxial focus, i.e., the best focus for rays through the center of the lens. 
Fig. 1B was obtained at the position where the coarse target showed the most con- 
trast, and was about 6 mm closer to the lens than the paraxial focus. You will 
note that the finest target is not resolved at all at this position and the me- 
dium target, barely. The coarse target, of course, is resolved at both. At the 
paraxial focus the coarse target shows sharp edges, but the contrast is low, At 
the other position, the sharp edges are gone, but the contrast is much higher. 


We measured the blackening of the film with a densitometer, and the traces 
are presented in Fig. 2. Fig. 2A is at the paraxial focus, and Fig. 2B about 
6 mm inside. In Fig. 2A, ail three targets are resolved, while in 2B, the finest 
is not resolved, and the medium is barely resolved. The coarse target however 
Shows greater contrast in the lower trace than in the upper. 


We calibrated the photographic film and converted these density records 
back into relative intensities. These are shown superimposed on the photograph 
in Fige 1. This shows very clearly the light distribution in the images. At the 
paraxial focus fine targets are resolved bests at the marginal focus, a coarse 
target shows about two times increased contrast, but the edges are no longer sharp. 
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Now, under threshold conditions of viewing, high contrast is more important 


than sharp edges; for example, the image of the coarse grating in Fig. 1B can 
be seen farther away or at less illumination than the image in 1A. 


This glass lens is very similar to the eye, and the results obtained with 
it can be applied directly to the eye. We have measured the spherical aberration 
of several eyes, and the results were published in the Journal of the Optical 
Society for May, 1949. This was done by observing various targets through the 
annular pupils shown in Fig. 3, and determining the best spectacle correction 
for each zone of the optical system of the eye. Fig. 4 shows the results. Please 
consider only the curves marked normal. These curves give the best spectacle 
correction against the radius of the zone of the eye through which the light 
entered. Mr. Koomen, Mr. Scolnik and I all show undercorrected spherical aber-= 
ration. The magnitudes ranged from 0.7 diopter to about 2 diopters. In Fig. 5, 
the curve of spherical aberration for my eye is compared with that of the glass 
lens down to the focal length of the eye. It happens that the two aberrations are 
very similar. The aberration for the glass lens is somewhat greater than for my 
eye toward the margin. Furthermore, the relative apertures of the lens and my 
eye were about the same. Thus, there should be close correspondence between the 
optical properties of the glass lens and of my eye. In particular, if a coarse 
grating target is imaged better by the glass lens at a distance inside the par- 
axial focus, the same should hold for my eye. | 


I should like now to summarize the measurements of night myopia made on 
our eyes, and to show how the night myopia is explained by means of the experiment 
with the glass lens. Our night myopia results are summarized in Fig. 6. Here 
the best spectacle correction in diopters is plotted against the target bright- 
ness. A high contrast grating target was used in all the work that I shall 
mention today. The best spectacle correction was that which enabled the observer 
to resolve the finest target at each particular brightness. Since some of the 
observers wore spectacles anyway, these corrections were all taken relative to 
the best correction at daylight brightnesses. You will notice that the best 
correction is the same as the daylight correction down to somewhere between 10 
and 100 mL, and then it becomes increasingly negative, reaching a value of -1 
to =-2 diopter at 0.01 mL, depending on the observer. This was the lowest level 
at which measurements could be made. 


About 0.3 diopter of this night myopia is caused by the chromatic aberration 
of the eye and the Purkinje shift from cone to rod vision. This is only a small 
part of the total. The remainder has been ascribed by some investigators, as I 
mentioned, to involuntary accommodation at low brightness. The data reproduced 
here, however, were obtained for eyes whose accommodation was prevented. This was 
done by introducing, into the field of view, a second target which was viewed with 
cone vision and could not be resolved unless the eye remained unaccommodated. 
Homatropine was not used. I do not wish to go into this in detail, but only to 
say thatwe are certain that these results apply to the unaccommodated eye. 


The explanation of the principal portion of the night myopia lies in the 
spherical aberration of the eye. We have shown this in various ways, but the 
nicest method is to compare the eye and the glass lens. The general idea is that 
the eye at high brightness has high visual acuity of the order of 1 minute. Like 
the glass lens, it is capable of making use of this highacuity only at the par- 
axial focus. In addition, the eye is usually stopped down by means of its iris 
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diaphragm for bigh brightnesses, and only the central rays can weach the retina 
anyway. At low brightness, on the other hand, vision is by means of rods and 

the visual acuity is low; only coarse grating targets can be resolved. The 
sharpness of boundaries is then of no importance, for this cannot be detected 

by the rods; only the contrast is of importance. For coarse grating targets 

we saw that the best focus lies closer to the lens than the paraxial focus, and 
this should be true for the eye as well as the glass lens. This is the way night 
myopia arises. 


We have gone a little farther in our study of the glass lens and have de- 
termined the best focal position for the complete range of grating target spacings. 
Fig. 7 presents the data. The solid curve and the points apply to the glass lens. 
Vertically we have deviations from the paraxial focus, and the upper scale of ab- 
scissas gives the target size in minutes of angle subtended between the adjacent 
black bars. The data obtained with the glass lens were scaled down to the dimen- 
sions of the eye before plotting. Thus, there was no departure from the paraxial 
focus until the target size reached about 2 minutes. Then the best focus moved in 
with increasing target size. These points were obtained visually by observing 
the images of the several targets on a ground glass screens For the coarse tar- 
gets, the focus was adjusted so that the image seemed to show greatest contrast, 
and sharp edges were disregarded. 


We can now take the final step and relate this to the eye. Remember that 
the glass lens is now considered scaled down to the same dimensions as the eye 
and corresponds to it roughly in all respects, i.e., focal lengthy pupil diameter 
and spherical aberration. To relate this to the eye, we simply consider the target 
size scale to refer to threshold visual acuities and make use of the relation 
between visual acuity and target brightness. In this way, the lower scale is 
obtained, ic@o, a target of 2 minutes was resolved by me at 200 mL, 10 minutes 
at 1 pL and 30 minutes at 0.02 plo The solid curve then becomes departures from 
the paraxial focus for a glass lens like the eye, as a function of the brightness 
of a grating target which could just be resolved by the eye at that brightness. 
This is, essentially, the night myopia of a glass lens used with a detecting de- 
vice like the retina or more properly, perhaps, of an eye with a lens like the 
glass lens. Now my night myopia data can be plotted on the same diagram, since 
they are simply departures from the best daylight focus, against target brightness; 
this is the second curve. Actually, the contribution due to chromatic aberration 
was subtracted out before plotting, because, in the glass lens experiment, a green 
filter was used and possible focal changes due to chromatic aberration were eli- 
minated. 


It can be seen that the agreement between my night myopia and the glass lens 
curve is remarkably close, considering the various assumptions that were made. 
Furthermore, the differences between the curves are qualitatively of the type 
one would expect. The eye curve remains at zero to lower brightnesses than the 
glass lens curve. In this range the pupil itself becomes nearly fully dilated. 
The Stiles-Crawford effect, however, keeps the eye more or less stopped down so 
long as cone vision is used. We could have reproduced the Stiles-Crawford effect 
with the glass lens by covering it with a diaphragm properly graded to reduce 
the brightness of the outer zones, and, if we did this, I am sure that the curve 
would have stayed at zero to lower brightnesses. The Stiles-Crawford effect does 
not occur for rod vision however, and so between 10 and 100 pL the eye curve starts | 
to fall. The curve for theeye shows less departure from the paraxial focus than 
the curve for the glass lens; it will be remembered, however, that my spherical 
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aberration was a little less than that of the glass lens, near the margin. 


We are quite satisfied that, for our three subjects, the night myopia is ex- 
plained by chromatic aberration and spherical aberration and not by accommodation. 
The idea that, for a lens with spherical aberration, the best focus depends on the 
type of object viewed was new to us, although it now seems rather obvious, and 
we wonder whether some of you have observed the same phenomenon. It is, of course, 
of no importance in photography, since the photographic objective is highly cor- 
rected for spherical aberration. It does, however, seem to explain very nicely 
the relation between night myopia and brightness. 


DISCUSSION: 


Dr. Blackwell reported recent results obtained at Michigan which indicate that 
night myopia does not exist if one considers foveal vision alone. If the 
eye is allowed an adequate foveal stimulus for accommodation, the refractive 
condition of the eye is found to be the same, whether the brightness of the 
adapting field is high level or total darkness. This result is in agreement 
with results reported by Wald on tests of star settings with binoculars by 
day and by night. 


Dr. Blackwell expressed particular interest in Dr. Tousey's hypothesis that accom- 
modation for peripheral vision is based upon maximizing contrast of the test 
object rather than maximizing sharpness of the boundary. This would suggest 
that the eye would accommodate differently for different kinds of test ob- 
jects. It would also suggest that the effect of refractive error would de- 
pend upon the kind of test object used. Furthermore, since the principle of 
focusing for maximum contrast is probably not applicable to the foveal region, 
this would suggest that the focus for foveal and parafoveal would be different 
and the effect of aberrations would be different with respect to whether fo- 
veal or parafoveal visionwre used. Dr. Blackwell expressed interest in 
seeing some of these predictions tested. 


Dr. Tousey expressed interest in Dr. Blackwell's suggestion that there is no night 
myopia for foveal vision. He stated that this was his impression, but that 
there seemed to be conflicting evidence in the literature. Dr. Tousey stated 
that the extent of night myopia would appear to depend upon the type of test 
object used and that this observed fact led to the studies which were reported. 


Dr. Fry expressed his belief that Dr. Tousey's hypothesis, that the eye accommodates 
so as to maximize contrast rather than boundary sharpness for parafoveal vi- 
Sion, is of great importance to all visual theories of accommodation. Dr. 

Fry reported recent research by Mr, Knoll at Ohio State in which a large blob 
stimulus with a probability distribution of intensity at the edges was used as 
the only stimulus for accommodation. Changes in the blob are not evident with 
one or two diopter changes in accommodation. Under these circumstances, the 
blob is an extremely poor stimulus for accommodation. This, of course, is a 
different case from Dr. Tousey's since Dr. Tousey carefully controlled accom- 
modation. 


snodo4 


TWIXVEVd 


SAVY TIWNISYVW SYOW 40 SNDOS 


FIG. | 


o 
ALISNIG 


~ ALISN3G 


FIG: 2; 


$ 
% 

ha 
5 
; 
4 
f 
r 
is 
® 
4 
i 
fo J 
Net 
F 
1 


Ho Addn Rood tae 


FIG. 3 


MM. 


? 


RADIUS OF ANNULAR ZONE 


0. 


* 10} ae 


ON 
a. 
\ 


O —NORMAL 


oBS.-RS 


@ — HOMATROPINE 


Ss 
s ; 
\ 


BEST SPECTACLE 


CORRECTION, 


DIOPTERS 


ie : ’ ms one ‘ ; a : SD eau 
(Rpm Appear ae soni ttt ‘icp a ae. 


BEST SPECTACLE CORRECTION (RELATIVE) 


DIOPT. 


DEPARTURE FROM PARAXIAL FOCAL LENGTH, 


+ 
-_ 


° 


MEAN RADIUS, MILLIMETERS 


FIG. 6 


30 


0.01 


FIG. 7 


Ol 


ig, 
Lier aie 


O GLASS LENS 


-4 


-3 -2 -( 0 


DEPARTURE FROM PARAXIAL FOCUS, DIOPTERS 


0.1 


BEST age CORRECTION vs. FIELD BRIGHTNESS 
IS°SURROUND , 4°GRATING TEST OBJECT. 2650°%* 
TEST OBJECT AT 20FT. 


1.0 10 100 1000 10000 8=100,000 


FIELD BRIGHTNESS > MICRO- LAMBERTS 


TARGET SIZE, MINUTES (VISUAL AGUITY) 


20 


0.1 


10 


Fe oS 2 1.5 


EYE OF OBSERVER 


o=—O-—— 0: GEASS LENS 


10 100 1000 10000 =100000 


BRIGHTNESS, MICROLAMBERTS 


30 _ aes 


PRELIMINARY STUDIES OF THRESHOLD VARIABILITY 


H. Richard Blackwell 
University of Michigan 


In the review of night vision prepared by Dr. Berry, and in the subsequent 
discussions of night vision by the Committee, considerable emphasis has been 
placed upon the apparent large-scale day-to-day variability in thresholds of 
night vision as measured by night vision tests. Clearly, if day-to-day variabili- 
ty is sufficiently large with reference to individual differences in night vision 
thresholds, then night vision testing will be impracticable. Except for the esta- 
blished effects of dietary factors, there does not appear to be any a priori basis 
for expecting rod thresholds to be more subject to large-scale, long-duration va- 
riability than cone thresholds. For this reason, experiments relevant to the 
general problem of threshold variability should be pertinent to the question, even 
though night vision be not directly involved. The experiments to be reported here 
were not undertaken with reference to the problems of night vision testing; they 
were a portion of a series of studies undertaken under ONR sponsorship to explore 
procedural variables in threshold measurement. Most of the experimentation was 
conducted at high brightness, but some was conducted at absolute threshold. 


The problem of threshold variability has at least a century of research to 
its credit. The early psychophysicists discovered that the visual threshold varied 
from moment to moment, and they believed the variations to be randomly distributed 
in time. The work of Fechner, Boring, and Brown and Thomson is in this tradition. 
In the psychophysical method of constant stimulus, variability in the momentary 
threshold gives rise to the frequency of seeing curve whose flatness gives a 
measure of the magnitude of threshold variability. Other workers studying what 
they called fluctuations of attention believed there to be periodic variations in 
the proportion of the time the stimulus could be detected. Guilford demonstrated 
that the psychophysical data obtained in the usual threshold determination closely 
resembled data obtained by determining the proportion of the time a stimlus of 
fixed magnitude could be detected. Although the two lines of investigation were 
thus brought together, the question as to whether temporal wariations in threshold 
were periodic or aperiodic was not settled by Guilford. 


In recent years, Hecht demonstrated the significance to the threshold varia- 
bility problem of quantum variability in the stimulus. Quantum variability, where 
relevant, may be considered to be one source of variability whose characteristics 
are known. Quantum variability is aperiodic and of short time order. Some poten- 
tial sources of variability may be similar in characteristics: we would expect 
psychological variability of the receptor system to be aperiodic and of short time 
order. Variability produced by psychological variables such as expectations and 
response habits could be aperiodic or periodic and would probably have relatively 
long time-order. That such variables can exist has been demonstrated by a succes- 
sion of investigators, of which Fernberger was perhaps the most prolific. 


The questions to which we need answers appear to be as follows: 
(1) What are the temporal characteristics of threshold variability with 
regard to periodicity and time-order; and 
(2) What conditions of measurement minimize threshold variability. 


Our experiments were conducted in order to compare a number of psychophysical 
procedures, For this reason, a standard visual threshold task was selected and 
maintained for a period of nearly a year, during which time four observers made | 
nearly daily observations in sessions of twoshour's length. The background bright- 
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ness was 50 footlamberts. The subject detected the presence of a circular target, 
18.5 minutes in diameter, presented for 0.06 seconds at a location 7 degrees para- 
foveally. Binocular vision was used. Two basic psychophysical procedures were 
employeds in the first, the subjects reported "Yes" when the stimulus was detected, 
"No" when it was not; in the second, the subjects had to prove they had detected 
the stimulus by correctly selecting the spatial location or temporal interval oc- 
cupied by the target. Since they were forced to choose one spatial location or 
temporal interval on each trial, we have called this method the "forced choice™ 
method. The first method is called the "Yes" = “No” method. 


The one other variable which must concern us here is the order of presentation 
of stimulus magnitudes of various values. In the "random procedure,” the stimuli 
of different intensities are randomly distributed in the series. In the "grouped 
procedure,” stimuli of the same intensity are presented in successive groups. 


Over the time of experimentation, the procedural variables described, and a 
number of others, were partially randomized, so that the same procedure was employed 
from 5 to 10 different days, separated froma@ch other by days, weeks, or even 
months. Thus, if we combine all the data for a given procedural condition, we are 
sampling data over a considerable time span. 


In order to test the time order of threshold variability, we began by ana- 
lyzing the data obtained with the "random procedure.” We first combined all the 
data for the widely scattered sessions into a single psychophysical curve and 
fitted a cumulative normal or cumulative logarithmic normal function, whichever 
gave the better fit. We then utilized the smooth curve to predict the proportion 
of detections to be expected for a given stimulus intensity. Our analysis pro- 
ceeds by ascertaining whether the proportion of detections obtained in the sample 
from each day could have occured by chance from the predicted value. The number 
of data going into the combined curve was sufficient so that individual samples 
represented less than one percent of the totals; thus, our analysis is not signi- 
ficantly contaminated by the presence of the sample in the combined data. 


We were not content to utilize the familiar Bernouilli theorem for computing 
the standard error of a proportion. Instead of assuming normality of the distri- 
bution, we constructed actual distributions for each theoretical proportion, 
based upon the binomial expansion. We determined the probability of obtaining, 
say, 5 or less of 20 presentations when the predicted number was 10. Then, we 
added to this the probability of getting 15 or more, representing an equal error 
on the other side of the mean. The total probability was then expressed as a value 
of chi-squared, utilizing Fisher's approximation for two degrees of freedom. Since 
values of chi-squared are additive under our conditions, we could determine the 
probability of obtaining a constellation of values of detection probability in a 
number of samples from a constellation of predicted values. The technique is very 
sensitive, since errors in opposite directions do not cancel. 


Analysis of the data for four subjects, utili,ing random forced choice pre- 
sentation reveals that all the samples for all the subjects on all the days could 
have cccurred by chance 50 times in 100, providing we igncre 1.4 percent of the 
data which deviated the most. Omission of these data is necessary since it was 
impossible to determine chi-squared for points with probabilities of occurrence 
less than 0.1 percent because of the limitations of the size of the binomial dis- 
tribution graphs constructed. Within the limit imposed by discarding the worst 
1.4 percent of the data we may conclude that there was no evidence of day-to-day 
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variability. Similar analysis of data obtained with the "Yes" - "No" method reveals 


that 3.8 percent of the data must be ignored and that the other data could have 
been obtained by chance more often than 99.99 times in a hundred. 


The various presentations of the same stimulus intensity on a given day were 
randomly distributed through the two-hour session in these data, so we can conclude 
nothing about variability within a time less than 2 hours. To investigate this 
problem, we next analyzed the data in which stimli of the same magnitude were 
ordered consecutively in groups of 20. Each group of 20 presentations of a given 
intensity occurred within less than 7 minutes. Thus, analysis of the grouped data 
for each day against the predicted values from data accumulated over weeks or months 
gives us information about variability of time - order longer than 7 minutes and 
less than weeks or months. Pooling all the values obtained, we find that with the 
grouped forced choice procedure, all differences obtained could have occurred by 
chance 99.5 times in 100, ignoring the extreme 1.1 percent of data in this case. 
For the "Yes" - "No" grouped data, the values are 99.4 times in 100 and 5.8 percent 
of extreme data ignored. 


In order to examine the extent of variability of shorter time-order than 7 
minutes, the grouped data were subdivided into samples of 5 detections. Thus, 
comparison of these data with the predicted curve fit to the combined data obtained 
over months investigates the possibility of variability longer than 100 seconds 
and shorter than weeks or months, The results are entirely similar for the forced 
choice data which have been analyzed. Ignoring the extreme 1.0 percent of the data, 
all differences obtained could have occurred by chance 99.99 times in 100. 


Within the limits imposed by ignoring the extreme 1.0 to 1.4 percent of the 
data we may conclude that with the forced choice precedures variability of time - 
order greater than 100 seconds and less than months did not exist. The "Yes" = 
"No" procedure gives the same result except that a considerably larger proportion 
of the data has to be ignored. 


We next studied a wider range of experimental conditions utilizing two of the 
original group of four subjects. Background brightness was set at 50 footlamberts 
and at zero. Target diameter was set at 4.2 and 77.5 mimutes. Both monocular and 
binocular vision were studied. These experiments, I regret that I mst add, were 
conducted during a very warm summer in experimental rooms which became quite uncom- 


fortably hot. As we shall see, apparently these conditions led to additional long- 
duration variability. . 


Only the forced choice grouped method was used. Thus our analysis concerns 
variability of time-order greater than 7 minutes and less than weeks. The data for 
binocular vision and high brightness, different from our earlier studies only in 
target size, now show significant variability. (CR = 3.4) Binocular vision and 
"zero" brightness show nearly exactly the same degree of significant variability. 
(CR = 3.3) Monocular vision at high brightness shows significant variability 
306), as does monocular vision at "zero" brightness (CR = 8.0). 
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We could conceal these effects observed under the summer heat by combining all 
data from all procedures, winter and sumer. Based on nearly 100,000 observations, 
we get a probability that all differences could have occurred by chance of 50 in 
100, ignoring 2.4 percent of the data. I prefer to believe that there was signifi- 


cant variability during the summer experiments, of approximately the same amount 
for high and.low brightness. 
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After completing the analysis described, we hit upon another analysis pro- 
cedure. The combined data for each procedural variable may be fitted by the most 
likely cumulative normal or cumulative logarithmic normal curve by the probit 
analysis and a measure of chi-squared obtained for the average points. In the 
case of data obtained with the "grouped stimulus” procedure, goodness of fit may be 
shown to measure variability of time-order longer than 7 minutes and shorter than 
the weeks required to collect all the data. The analysis has the advantage that 
all the data are utilized. 


This analysis was made on the data obtained during the winter experimentation 
with interesting results. For the forced choice method, the probability of ob- 
taining all observed differences by chance was 0.472. For the "Yes" - "No" methods 
the probability of obtaining all observed differences by chance is nearly zero. 
(CR = 17.0). The values obtained with the earlier analysis are 0.995 with 1.1 
percent dropped for the forced choice data and 0.994 with 5.8 percent dropped for 
the "Yes" = "No" data. These results reinforce our conclusion that variability of 
time order between 7 minutes and weeks did not occur for the forced choice pro- 
cedures they suggest that significant differences did occur with the "Yes" - "No" 

- procedure which were concealed in the first analysis by the comparatively large 
number of dropped points. 


* %* * 


Since completing these studies, we have discovered that other experimental 
conditions can lead to significant variability of time order between 7 minutes 
and weeks, as measured by chi-squared computed from the probit analysis. Appa- 
rently, loss in motivation can lead to significant variability of this time- 
order. 


We have only one meager result concerning the question of the periodicity of 
threshold variability. Our analysis demonstrated that, under our initial condi- 
tions, all variability occurred within intervals of 100 seconds or less. In order 
to test periodicity for time less than 100 seconds, special series were conducted 
in which the same stimlus magnitude was repeated on every presentation throughout 
two-hour sessions. If regular periodic effects were present, they would be re- 
vealed by analyzing the variability among groups of presentations, the groups 
varying in sizeo If a regular period were present, minimum variability among 
successive samples would occur when the sample size corresponded in time to the 
period. Analysis of the data did not reveal such an effect. The experiment was 
conducted only at high brightness with binocular vision. 


In conclusion, we believe conditions can be found in the laboratory at least 
under which variability is apparently entirely of short time-order, Such varia- 
bility, whatever its cause, extent, and characteristic, will not render testing of 
a visual capacity impracticable. Longer time-order variability has been shown to 
occur under conditions of relative discomfort and other data.suggest the existence 
of such variability as a function of motivational level. Longer time-order varia- 
bility might be of serious consequence to the feasibility of testing visual capaci- 
ties. There was to evidence thgt rod vision at low brightness differed from cone 
vision at high brightness. These results may suggest that it will be profitable 
to search for an adequate methodology for use in testing night vision, provided 
dietary factors can be reasonably well controlled. 
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DISCUSSION : 


Dr. Crozier asked whether D. Blackwell had any data on diurnal variability. 


Dr. Blackwell replied that diurnal variability was included with the other sources 
of variability, but that no analysis had been made of it independently. He 
suggested that, since all the variability was recorded as being of but short 
temporal order, it would not seem likely that diurnal variability was presente 


Dr. Crozier reported that he had evidence that the intensity threshold is high in 
the late afternoon. He alsos tated his belief that there is a slightly 
greater variability in threshold determinations on days when the barometric 
pressure is changing, either rising or falling. 


Dr. Crozier expressed his general agreement, however, with Dr. Blackwell's con- 
clusion that threshold measurements made under carefully controlled conditions 
are exceptionally stable. 


Dr. Blackwell pointed out that, with the number of data obtained in his study, a 
two or three percent change in threshold would be a significant change. 


Dr. Burke expressed some doubt as to Dr. Blackwell's use of Chi Square. He stated 
that the use of binomial distributions in order to compute the probability 
of obtaining a certain value of p from a universe value of a given magni- 
tude is not essentially different from assuming Bernouilli's theorem. He 
suggested that the use of the binomial distribution rather than the Poisson 
distribution would bias the results in a direction which would tend to maxi- 
mize rather than minimize differences. 
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DAY TO DAY VARIABILITY IN THRESHOLD MEASUREMENTS 


W. 8. Verplanck 
Indiana University 


The question of the day-to-day stability of the terminal visual thresholds, 
or, more explicitly, of frequency of seeing functions, is not without implications 
for proposals that military personnel be selected on the basis of "night vision" 
or of some better specified set of visual functions. 


The fact is, however, that there are not many data which permit us to eval- 
uate the status of day-to-day variability in an unequivocal manner. The subjects 
in visual experiments who observe day-in and day-out, and so might be expected 
to provide the necessary data, are usually described as "trained," which seems to 
mean that they are subjects who have been chosen because they respond consistently 
from day-to-day. 


Three sets of data, all collected on the fully dark-adapted observers, with the 
Hecht=-Shlaer Model III Adaptation, are presented which bear upon this problem. The 
first two sets were collected in the course of other investigations and the third 
in an experiment specifically designed to determine the day-to-day variability in 
the terminal visual threshold. 


I 


The first set of data to be described were obtained as follows: Measurements 
were made of the frequencies of seeing of each of 16 subjects of a stimlus of in- 
variant intensity presented 300 successive times on four different days and under 
two conditions, (a) where the stimuli were presented automatically at 4” intervals, 
and (b) where the stimuli were presented to the subject by himself, through use 
of a shutter-key. The results are presented in Table I. These show that changes 
in the frequency of seeing from day to day which are significant at about the 5% 
level are the rule, rather than the exception, and that differences even more sig- 
nificant are very common as well. 


The second set of data were obtained by essentially the same procedure as the 
preceding condition employing a 4" interstimlus interval but under other conditions. 
Of the six subjects, three had had experience prior to the collection of these data 
only on the method of limits, and the other three only on a method of stimulus pre- 
sentation which presented stimuli of widely varying intensities in random order. 

The results, as before, show statistically significant shifts in the frequency of 
seeing as the rule rather than the exception, 


If 


The third set of data was obtained from an experiment specifically designed 
to investigate the problem of day-to-day variability. Four subjects were employed o 
On each experimental day exactly the same procedure was followed. This procedure 
gave the subject, after initial dark adaptation, 50 trials at each of three thresh- 
old brightnesses, followed by 20 descending and ascending method of limits runs, and 
concluded with a repetition of the 50 trials at three brightnesses. The first two 
subjects were both run in the summe r .* One served on 20 experimental 

* In a ventilated basement darkroom, of stable temperature. The summer heat 


was never oppressive. 
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days spread over a period of 33 days, and the other on 17 experimental days, over 
28 days. Both of the second two subjects, run in the winter, served for 12 ex- 
perimental days, spread over 13 and 15 days respectively. 


Several analyses were made of the data. 


The first is an X* test for significance of day-to-day differences in the 
frequency of response to the middle of the three brightnesses.** X's for the 
four subjects were 217.2, 131.95 92.0, and 143.2. All of these are significant 
at far better than the 1% level. 


The second analysis correlated the 50% threshold obtained by the method of 
limits with the 50% threshold obtained by interpolation from the constant method 
data. The values of r for the four observers, with the corresponding standard 
errors, were .81t.08, .85%.07, .75%.14, and .74°t.15 respectively. Thus, the 
data of a single day are highly correlated, and the day-to-day variability cannot 
be accounted for on the basis of general variability of the subject's responses. 


The third test sought evidence of temporal factors underlying day to day 
variability. The results were largely negatives; no evidence of serial effects 
occurred in any but one case in which the value of the critical ratio of the serial 
coefficient of correlation was 2.00. 


CONCLUSIONS 


On the basis of the present data, it is, of course, not possible to assert 
that everyone varies significantly from day to day in absolute terminal threshold 
measures, for certainly many subjects are stable. We may conclude, however, that 
many subjects do so vary, and that a measure of a frequency of seeing, obtained 


reliably on one day, cannot be used to predict frequencies of seeing on other days. 


Many differences may be observed between these data and other data which have 
been presented as relevant to the problem. These data, it should be pointed out, 
involve the simple and straightforward testing and rejecting of the hypothesis 
that day-to-day variability is negligible. The statistical results, which involve 
no unjustified assumptions with respect to the data, nor demand the "throwing-out" 
or exclusion of any class of data, support our conclusion of significant day=to- 
day variability in an unequivocal fashion. | 


DISCUSSION 


Dr. Blackwell stated his belief that resolution of the apparent differences between 
his results and those of Dr. Verplanck could be accomplished exceedingly 
easily. He stated that when the "Yes-No” procedure had been used, results 
indicating significant day to day variability, such as obtained by Dr. Ver-= 
planck, had resulted. This occurred even under the best conditions, that is, 
for the four observers who showed the absence of significant day to day varia- 


¥* this analysis could not be applied to the data of the other two stimulus 
intensities because of the occurrence of values of frequency of seeing of zero and 
100 percent. 
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bility when they used the "forced choice" procedure. Dr. Blackwell suggested 

that he would like to conclude that no one has been able to obtain the absence 
of significant differences from day to day when using the "Yes-No" procedure, 

and that probably stability with this procedure is not to be expected. 


Dro Burke pointed out that actually Drs. Verplanck and Blackwell were asking some- 
what different questions from the experimental data. Dr. Verplanck obtains a 
threshold for each day's performance, and then compares thresholds obtained 
on different days to ascertain whether there is significant variability. Dr. 
Blackwell obtains a large sample of data on a number of days, and then asks 
whether the data all arise from the same sample. 


Dr. Blackwell stated his belief that the two questions are mathematically equiva- 
lent, provided only that the sample of data is sufficiently large so that the 
sample for a given day is not an appreciable portion of the total sample. Dr. 
Blackwell stated that in his experiments this condition was met. 
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TABLE I 


FREQUENCY OF SEEING DATA 
( serial response experiment no, 1 ) 


Percentage of Stimuli "Seen", by Day and Subject 
Asterisked Percentages differ from that of 
Same Subject, Day 1, by 2 S.Eo 


MS : : *35.0 
RJ y *51.7 
RC ; ° *80.1 
- RE 7 *58.0 
Mean % Auto. Sb. 53.4 53.31 56.8 
Mean % Self i 56.5 49.2 61.8] 65.0 
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TABLE II 


FREQUENCY OF SEEING DATA 
( serial response experiment no. 2 ) 


Percentage of Stimuli Reported "Seen", by Day and Subject 
Asterisked Percentages Differ from that of 
Same Subject, Day 1, by 2 SE. 


Patch 
- Brightness 
Group I (log pnl) 
JC 2048 
TC 2.064 
JH 2024 
JK 2060 5300 2.81 
CM 2042 82.0 . fare 
DR 2052 4203 2085 


> 
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Limits training before and after single brightness series. 


w 
a 


= Randomized brightness training before and after brightness series. 
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The Dependence of Frequency of Seeing Data upon Procedural Variables 


John W, Cotton 
Indiana University 


The series of four experiments to be described was designed to show whether 
certain alterations of the method of limits would produce corresponding changes 
in the percentages of stimuli seen at the low brightness levels employed in 
night vision s tudies. The method of limits series, as employed in determining 
the absolute threshold of vision, may be considered a combination of several sepa- 
rate runs consisting of a number of successive visual stimulations with this common 
property: All brightness changes in the run are in the same direction. In an 
ascending run the first stimulus brightness changes in the run are in the same 
direction. In an ascending run the first stimulus brightness ordinarily has a 
value well below the point at which fifty percent of the stimulations would be 
seen by the subjects concerned, and each successive stimulus in that run increases 
in brightness by a constant amount over its predecessor. Conversely, the first 
stimulus brightness in a descending run will be considerably above the fifty 
percent point, and each successive stimulus in that run will differ from its pre- 
decessor by a constant decrement in brightness. A run ends when a particular set 
of responses has been made by the subject; for example, when three successive "Yes" 
responses have been made in an ascending run, or three successive "No" responses 
in a descending run. 


Data obtained with method of limits may be fitted to normal probability inte- 
grals and certain parameters of those curves used as measures of threshold be- 
havior. Thus, the brightness at which the line of best fit crosses the ordinate 
corresponding to the fifty percent frequency of seeing is defined as the visual 
threshold, and the standard deviation of the normal probability integral is 
defined as half the brightness difference between the eighty-four and sixteen 
percent points on the frequency of seeing curve. 


The purpose of the four experiments was to determine whether variations in 
four properties of the method of limits would be accompanied by changes in the 
thresholds andstandard deviations of the frequency of seeing curves obtained. 
These variations in method consisted of: | 


1. Changes in the starting point of a method of limits run (thus affecting 
both the length and the direction of that run), 7 


2o Changes in the temporal interval between successive stimuli within a run, 
50 Changes in the time intervals between successive runs, and 
4, Changes in the criterion for ending a run. 


Each variation will be discussed in connection with the experiment in which it was 
studied. . 


All experimentation in this series was performed with the Hecht-Shlaer Model 
III Adaptometer, and sach experimental session was preceded by a dark adaptation 
period in which standard red goggles were worn for twenty-five minutes after which 
ten minutes were spent in total darkness. Except where otherwise indicated, the 
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interval between stimulations was always four seconds. 


In the first experiment six inexperienced subjects were first given one train- 
ing session apiece, then each subject spent one experimental session each on six 
different variations of the method of limits, each session being held on a different 
day. The six methods were known as the long descending method, the short descending 
method, the long ascending method, the short ascending method, the long descending- 
and-ascending method, and the short descending-and-ascending method. The title of 
each method refers to the length of the series as it depends upon the distance of 
the starting point of a run from the threshold region and also refers to the direc- 
tion of brightness change; i.e., whether successive stimuli increase in brightness 
(ascending methods), decrease in brightness (descending methods), or form descending 
and ascending runs in alternation (as in the descending-and-ascending methods). A 
Latin square design was employed. 


Tables I and II summarize the threshold findings of the first experiment. 
Table I shows a large difference in mean thresholds for the different subjects and 
the different methods. As may be seen from Table II, both these differences are 
statistically significant, for methods at better than the one percent level and for 
subjects at better than the five percent level. Thus, the methods of limits em- 
ployed in this experiment do not produce equivalent values of the threshold; and, 
as Table I shows, the two ascending methods produced lower thresholds than the two 
descending methods. 


Tables III and IV show that differences in methods did not produce systematic 
changes in the standard deviations of the frequency of seeing curves, although 
subjects differed at the five percent level of confidence. Differences attri- 
butable to the various experimental days were not a significant source of varia- 
bility of either thresholds or standard deviations. This shows that, whether or 
not individual subjects vary from day to day, no systematic changes within the 
group, such as a decrease in thresholds because of learning, can be detected. 


Table V summarizes the direction of significant differences found among 
thresholds of the various methods. In each case, one of the ascending methods 
produced a mean threshold lower than that of the method being compared with it. 
Further, the long ascending method seems to differ more from the descending methods 
than does the short descending method, and a corresponding statement can be made 
for the long descending method. Lengthening a series tends to increase the tendency 
for ascending methods to give low thresholds and descending methods to give high 
thresholds. 


Table VI shows that, when data from the alternately descending~and-ascending 
methods are divided into descending runs and ascending runs, there is no signifi- 
cant difference between the mean thresholds thus obtained despite the fact that 
descending runs presented alone produce different thresholds from ascending runs 
presented alone. Since the starting point of each run in the alternately de- 
scending-and-ascending method was determined by the end point of the previous run 
rather than having a fixed value as in descending-only or ascending-only methods 
this finding is not unreasonable. : 

The second and third experiments of this series were performed to test the 
hypothesis that an increase or decrease in the four second inter-trial interval 
used in Experiment I might alter the threshold or standard deviation of the fre- 
quency of seeing curve obtained with the method of limits. Three different inter- 
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vals, three, six, and twelve seconds, were employed in these tw experiments. 
Because the use of an equal number of stimulations in each of three methods em- 
ploying such widely different intertrial intervals would cause some sessions to 
require four times as much experimental time as others, we added other methods 
involving short intertrial intervals and additional stimulations in order to 
have some three and six second methods in Experiment II which would require as 
much time and perhaps produce as much boredom or fatigue as the twelve second 
method. 


In one of two sub-experiments, Experiment II-A, certain methods involved the 
presentation of two or even four identical stimuli at each brightness level 
within a run. Experiment II-B, certain methods employed twice or four times as 
many runs as in the twelve second method, once again permitting comparisons be-~ 
tween methods having different inter-trial intervals but equal periods of experi- 
mentation. Each sub-experiment formed a six by six Latin square similar to that 
of Experiment I and employed the same subjects as before. 


Tables VII and VIII present the results of the first sub-experiment concerned 
with inter-trial intervals, together with a code indicating the nature of each 
method employed in the experiment. Although Table VII shows a consistent trend 
toward lower thresholds with higher inter-trial intervals and with fewer stim- 
lations at each brightness, Table VIII indicates that this trend is not statis- 
tically significant. As before, the individual differences between subjects are 
a Significant source of variability, and the differences between days are not. 
Although these subjects were becoming "highly trained,” this did not seem to 
alter their threshold behavior. 


Tables IX and X summarize the standard deviation data of Experiment II-A, 
showing once again that individual differences are the only significant source 
of variability in this experiment. 


Tables XI and XII present the threshold data of Experiment II-B, together 
with a code describing the various methods of limits which were employed. In this 
sub-experiment, no trend of thresholds as a function of the inter-trial interval 
appears, and the only important sovrce of variation is the variance attributable 
to the different subjects. 


The mean standard deviations for the different methods, subjects, and days 
of Experiment II-B are presented in Tables XIII and XIV, together with a statis- 
tical summary showing that the subjects of this experiment differ significantly 
in the standard deviations obtained. 


Since the 3-64 method failed to produce significant differences in threshold 
and standard deviations from the values obtained with the 3-16 method, the latter 
much shorter method seems to have as much practical value as methods involving many 
more runs. Also, the first sixteen runs of the 3-64 method might be expected to 
yield threshold and standard deviation values which are essentially identical with 
those values for the second, third, and fourth groups of sixteen runs within the 
5-64 method. A statistical analysis of the data obtained with this method shows 
that successive fourths of the method do not exhibit significant differences in 
the thresholds and standard deviations obtained. 


Experiment ITI was performed in order to determine whether a trend of thresh- 
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olds such as that appearing in Experiment II-A might not prove significant if the 
subjects in the experiment served for more than one session on each of three 
methods involving different inter-trial intervals. Accordingly we used each of 
six subjects for twelve sessions each, every subject spending four experimental 
sessions with each method. Six new subjects were used, each receiving one 
training session before beginning the experiment itself. Tables XV and XVI sum- 
marize the threshold values obtained with Experiment III. The three methods 
employed, us ing three second, six second, and twelve second intervals respective- 
ly, resulted in almost identical mean thresholds, thereby forcing the conclusion 
that the inter-trial interval in the method of limits does not affect the thresh- 
old obtained with that method if those intervals lie between three and twelve 
seconds. As usual, individual differences are significant. 


Tables XVII and XVIII, showing the mean standard. deviation values of Experi- 
ment III, indicate that the twelve second method of this experiment resulted in 
a significantly lower mean standard deviation than did the other methods. This 
finding is surprising because no similar trend was evident in the standard devia- 
tions of Experiment II. 


The findings of the first experiment in this series deserve some theoretical 
treatment at this time because of their relevance to the final experiment to be 
discussed. The observed differences between thresholds obtained with ascending 
and with descending methods might possibly be explained by assuming that the ter- 
mination of one run and the subsequent beginning of another run at a much dif- 
ferent brightness constitutes a “reinforcing operation” which increases the pro- 
bability of a particular response to stimuli occurring toward the end of the run. 
Since those responses are "Yes" in an ascending series and "No” in a descending 
series, the strengthening of those responses would tend to produce lower thresholds 
in ascending methods than in descending methods. The long methods exhibit this 
tendency most strongly because, with more stimuli to which to respond, the subject 
is more likely to make an early response of the type which is reinforced in this 
situation. The fact that thresholds were found independent of inter-trial inter- 
val seems consistent with this explanation, because the only interval of parti- 
cular significance in a reinforcement process is the interval between the response 
made and the reinforcement presented. Assuming that the presentation of a stimu- 
lus flash at the beginning of a new run (together, of course, with the auditory 
stimulation associated with the presentation of that light) is the essential 
feature of the reinforcing operation, we might expect that an increase in the 
time interval between runs would minimize the effects of reinforcement and thus 
reduce the observed difference between ascending method and descending method 

thresholds. This hypothesis formed the basis for the final experiment. 


Experiment IV was designed to test certain predictions following from the 
hypothesis that frequency of seeing curves obtained with various method of limits 
procedures are a function of run termination, which may increase the probability 
of particular responses to certain stimuli. In addition to this purpose, we 
designed Experiment IV in such a way as to permit a second comparison of the long 
descending and long ascending methods of Experiment I. 


Experiment IV consisted of a comparison of six methods, using six subjects 
over six days. In addition to the long descending and long ascending methods, 
we included a long descending and long ascending method identical with that of 
Experiment I, a long descending method with an eight second interval at the end 
of each run, a long descending run with a sixteen second interval at the end of 
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each run, and a long descending method in which the criterion for ending a run is 
one "No" response rather than three successive "No" responses. We expected that 
the long ascending method would produce a distinctly lower threshold than the 
ordinary long descending threshold and that the long descending~and-ascending 
threshold should lie between the two just mentioned. We further expected that 
the long descending methods with added delays at the ends of their runs should 
result in lower thresholds than the original long descending method. We also 
expected that the long descending method with a criterion of only one "No" res- — 
ponse before the end of a run should have the highest threshold of all. 


The data obtained in Experiment IV are in harmony with all the above predic- 
tions, except that for the long descending method with a sixteen second delay at 
the end of each run, although not all differences were found to be significant. 
The sixteen second delay method resulted in a higher ghreshold, rather than a 
lower one, than if the delay had not been included. ome of the predicted trends 
proved almost microscopic, and the only differences which proved statistically 
significant were those between the long ascending method thresholds and those of 
the other methods. Our original findings have been repeated, but our predictions 
on the basis of those findings did not prove entirely satisfactory. 


In summary, we can assert that investigation of the effects of direction of 
brightness change and length of runs in the method of limits demonstrated the 
importance of those variables in threshold determinations. Inter-trial interval 
and a number of stimulations within a session do not affect the threshold within 
the regions studied, although there is some evidence that the standard deviation | 
drops with an increase in the inter-trial interval. Moreover, the thresholds 
obtained with methods in which delays were inserted at the ends of runs did not 
prove significantly different from those obtained without those delays, nor did — 
the alteration of the criterion for the end of a run produce significant changes. 


These findings indicate that, while methods using ascending runs only and 
methods uSing descending runs only cannot be used interchangeably, it is per- 
missible to consider certain other variations of the method of limits as pro- 
ducing equivalent thresholds and standard deviations. Thus, a method employing 
a three second inter-trial interval for only 16 runs produces essentially identi- 
cal threshold and standard deviations obtained with four times as many runs. 
Except for a possible variation in standard deviations, the 3-16 methods and 
12-16 methods are also equivalent. 
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Experiment I 
Table I 


Mean Thresholds for the Different Methods, Subjects, and Days 


ta | sa L(D4a) | S(D4A) 
2.705 | 2.663 | 2.507] 2.555 | 2.542 2.658 
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Experiment I © 


Methods 


Mean Threshold 


Sub jects 


Mean Threshold 


Days 


Mean Threshold 
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Table II 


Analysis of Variance of Thresholds 


Sum of | : 
Squares df Vv F 
35 


1.0875 
012622 


Total 


Methods o6311 


Sub jects 1950 »03900 


00417 ° 00834 


Days 


Error 02195 o01098 


Code 
LD = Long descending series 
SD = Short descending series 
LA ® Long ascending series 
SA = Short ascending series 


L(D+A) = Long descending and ascending series 
S(D4#A) = Short descending and aseending series 
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Experiment I 
Table III 


Mean Standard Deviations for the Different Methods, Subjects, and Days 
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Methods LD SD LA SA L(D+A) S(D+A) 


Mean SD 0168 0170 
Sub jects JN RW 
Mean SD 0163 oL92 
5 6 
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Experiment I 


Table IV 


Analysis of Variance of Standard Deviations 


Sum of 
Source Squares 


Total 000297 
Methods 000222 
Sub jects o 00642 
Days » 00386 


Error o 00208 
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Experiment I 
Table V 


Summary of Significant Difference Between 
Mean Thresholds of the Different Methods 


Method Thresh SA LA S(D+A ) L(D+A ) SD LD 


Experiment I 
Table VI 


Summary of "t" Tests Between Ascending and Descending 
Halves of the Descending-and-Ascending Methods 


Method L(D+A) S(D+A) 

D 1&8 Diff D A Diff 
Mean 2.5583|2.5517 0067 2.6900 |2-6367 205383 
Diff 0167 » 0280 
t 040 1.91 
P | <.50 80 
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Mean threshold Values for the Different Methods, Subjects, and Days 


Methods 


Mean Threshold 20647 


Sub jects BB 
..Mean Threshold 20741 
Days 1 
Mean Threshold 20647 

Grand Mean 


Source 


Total 


Sub jects 


Methods 


Days 


Error 
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Experiment II A 


Table VII 


Experiment II A 


Table VIII 


Analysis of Variance of Threshold Values 


Sum of 
Squares 


1.364075 © 


0665191 
01753558 
0028491 


0497035 


interval, 
interval, 
interval, 
interval, 
interval, 
interval, 


second 
second 
second 
second 
second 
second 


01330382 | 5.355 


00346706 | 1.40 


o 0056982 


002485175 


Code 


4 stimulations 
2 stimulations 
1 stimulation 
2 stimulations 
1 stimulation 
1 stimulation . 


RESTRICTED 


at 
at 
at 
at 
at 
at 


each brightness 
each brightness 
each brightness 
each brightness 
each brightness 
each brightness 
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Experiment II A 
Table IX 


Mean Standard Deviations for the Different Methods, Subjects, and Days 


Method 


Mean SD 


Sub jects 


Experiment II A 
Table X 
Analysis of Variance of Standard Deviations 
Sum of 
Source Squares 
Total 
Methods 000092 


Sub jects 0013504 


Days » 00056 


Error o 00087 


Experiment II B 
Table XI 


Mean Threshold Values for the Different Methods, Subjects and Days 


Methods 
“Mean Threshold 


Subjects 


Mean Threshold 


Days 
Mean Threshold 


Grand Mean 


Experiment II B 


Table XII 


Analysis of Variance of Threshold Values 


5-64 = 3 second intervals, 64 runs 

5-32 = 3 second intervals, 32 runs 

5-16 = 3 second intervals, 16 runs 

6-32 = 6 second intervals, 32 runs 

6=16 = 6 second intervals, 16 runs 
1 


2 second intervals, 16 runs 
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Table XIII 


Mean Standard Deviations for the Different Methods, Subjects, and Days 
5-16 


| 6-32 6-16 
Mean SD <148. |. .192 |. 2168 
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Experiment II B 


Methods 


Table XIV 


Analysis of Variance of Standard Deviations Values 


Total 
Sub jects 000220} 1.28 


Methods 092152)12.51 


Days ©00232{ 1.35 


Error 
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Experiment III 
Table XV 


Mean Threshold Values for the Different Methods, Subjects and Days 
Methods | 5-64 6-352 12-16 Te 
Mean Threshold 20044 20524 7 Za. 
Subjects Ep oe FD we | BG RH 
| 20428 _ | 2.609 20445 20628 
1 2 | s) 4 5 6 


Days Si de 8 oe 10 11 12 
‘Mean Threshold | 2.532 | 2.602 |2.557 |2.575 |2.617 20548 


Experiment III 


Mean Threshold . 


20085 


Days 


Table XVI 


Analysis of Variance of Threshold Values 


Total 
Methods o 002802 
Sub jects 0455011 ©087002 


Days olL69294 1 |} 0015390 


0476020 o 008981 
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Experiment III 
Table XVII 


Mean Standard Deviations for the Different 
Methods, Subjects, and Days 


Methods 3-64 6-32 
Mean SD 0182 0180 


DB Jc 
o180 167 


1 2 
«187... -} | 


Grand Mean 


Experiment IIT 
Table XVIII 


Analysis of Variance of Standard Deviation Values 
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Source 


Total 


Methods o 00943 0904715 


Subjects o 01883 o 003766 


o 01665 © 001514 
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Error 004454 e 000840 
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SOME PROBLEMS IN THE EVALUATION OF DIFFERENCES 


AMONG SETS OF FREQUENCY OF SEEING DATA 


Co Jo Burke 
Indiana University 


The frequency of seeing function exhibits many of the features of a cumulative 
distribution function. In most experimental arrangements it is a monotonically in- 
creasing function rising from a value of zero on the left to a value of 100% on 
the right. There are, however, certain differences between this function and 
cumulative distribution functions: (1) The monotonicity of the frequency of seeing 
function is a matter of empirical fact, rather than analytical necessity; (2) The 
total frequency under the frequency of seeing function is not known before the 
data are collected; and (3) Successive points in frequency of seeing data are 
statistically independent, but this is not true of successive points on an empi- 
rical cumilative distribution function. ‘ince these two functions are not iden- 
tical, confusion results whenever the frequency of seeing function is treated as 
though it were a cumulative distribution function. 


Historically, the analytical expressions used in fitting frequency of seeing 
data have been the integral forms of the well-known normal and Poisson probability 
distributions. This has introduced the confusion of frequency of seeing functions 
with cumulative probability functions. Today one hears the terms "mean," "stan- 
dard deviation," and “variance” used with reference to certain features of the 
frequency of seeing curves although, strictly speaking, there are no means, stan-~ 
dard deviations, or variances defined for these curves. There is a related attempt 
to use ordinary statistical theory in relating various aspects of the data. Since 
the functions are not the ordinary probability functions, applications of statis- 
tical theory are clearly insufficient by themselves. Any relations among various 
aspects of the frequency of seeing function must come from theories of vision, not 
statistics. 


The use of the ordinary tests of goodness of fit for distribution functions 
should be avoided when dealing with frequency of seeing data. Anacceptable test 
is to write the formula for chi-square, using both categories of response at each 
value of the stimlus, to evaluate the parameters in the frequency of seeing func- 
tion by minimizing chi-square, and to interpret the resulting value of chi-square ; 
in the usual way. This provides a legitimate test of goodness of fit for the . 
function provided that the underlying probabilities can be assumed to be constant. 
Whether this assumption can be made under any given set of experimental conditions 
is a matter for empirical investigation. 


DISCUSSION : 


Dr. Blackwell commented that the probit analysis which he used consisted in pre- | 
cisely the kind of analysis which Dr. Burke was recommending. The analysis | 
consists in establishing the two parameters of an integral distribution func- 
tion which will minimize Chi Square. 


Dr. Crozier commented that the degree of variability of threshold measurements 


Should be different for uniocular and binocular performance. In general, 
binocular performance is likely to be less stable than uniocular performance. 
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Dr. Blackwell reported that some preliminary results on two subjects seemed to 
show nearly equivalent variability for uniocular and binocular observations. 
He suggested that, if anything, greater day to day variability occurs in 
uniocular settings because of greater fatigue which seems to result. 
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Some Theoretical Aspects of Psychophysics 


Lloyd H. Beck 
Yale University 


While the procedures and methods of psychophysics have shown remarkable 
advances in the recent war years the theory of psychophysics has not kept pace 
with the practical empirical solutions to the problems of the range at which 
stimuli can be accurately sensed. For example, older introspective theories | 
would report that with increasing separation of two points stimulating the skin | 
that the sensation changed from a single point to a line, to a dumb-bell shaped 
sensation and finally to a two-point sensation. One thesis of the present paper 
is that such reported sensations have no objective validity unless they be evaluated © 
against the presence or absence of stimuli corresponding to the categories the sub- 
ject reports. While such unchecked sensations are of great value in guiding research 
it will be shown that objectivity can be gained by means of a methodology employing 
a correction for guessing. 


A second thesis of this report concerns the nature of psychometric functions. 
Two points of view have been prevalent: on the one hand these functions have been 
believed to mirror functional relationships between sensory processes and stimulus 
(Urban) and on the other hand they have been believed to represent stochastic re- 
lationships (Wirth). The first point of view is exemplified in the uses of psycho- 
metric functions in the researches of Hecht and of Crozier. Hecht used the psycho- 
metric function to measure the number’ of quanta required for vision. Crozier uses 
psychometric functions to measure the statistics of the temporal and spacial den- 
Sity of neural activity. Neither treat the psychometric function from a purely 
stochastic point of view. The second point of view is best represented by the 
common notion of a distribution of sensitivities of the subject, the variability 
of which arises from causes which are partly random and uncontrollable, and except 
in few experiments are assessable only after their occurrence. 


Two major mathematical distinctions can be drawn between the functional and 
stochastic points of view. In the first place the functional point of view of a . 
response (sensation) as a function of a stimulus can be represented by the following 
expression: ; 

(1) R=f(S). | 
But what is more important, if (1) is functional, expression (2) can be written, 

(2) Suf-1(R) : 3 
That is to say, given some measure of R it is possible to solve for S. The sto- 
chastic point of view, however, indicates that these expressions are two separate 
regression equations and that it is not possible to write inverse functions. Yet 
the stochastic way of looking at psychometric functions is not rigorously held to 
in the treatment of psychophysical data even by its proponents, for the threshold 
stimulus magnitude is computed from the relative frequencies of detection in actual 
practice. The second mathematical notion of the stochastic point of view can best 
be represented by a quotation from Woodworth. “Incredible as it may seem that every 
stimulus no matter how weak will sometime elicit a response, or that every difference 
no matter how small will sometimes be perceived, a broad view of the situation shows. 
that such results are to be expected.” Urban, although considering functional re- _ 
lationships, uses a mathematical relationship which means that even a stimulus of 
indefinitely large magnitude will sometimes not be sensed. In expression (1), the 
unbounded function would be stated as follows: first for the case of absolute 
threshold, R=0 when S=0 and R approaches one when S becomes indefinitely large -- 
yet the literature is replete with instances where the subject returns finite rela- 
tive frequencies of judgement to stimli of zero magnitude -- and second, for the 


SE ee 


case of difference thresholds, R approaches zero when stimulus contrast becomes 
indefinitely negative and R approaches one when stimulus contrast becomes inde= 
finitely positive. 


Examination of a set of data purported to support the local continuity of 
psychomeric function indicates that in the neighborhood of the point of sub jective 
equality there is a double point of inflection. Figure 1 presents the essentials 
of the data of Warner Brown on lifted weights. It will be noted that in the neigh- 
borhood of the point of subjective equality the curves are nearly flat. Figure 1 
is experimental evidence at variance with the notion that small stimulus differences 
are sensible. It will be seen later that Figure 1 bears evidence with regard to the 
true zero point in a psychometric function. Although no data are available it is 
assumed that relative frequencies of 100 percent are possible with a finite stimu- 
lus magnitude or difference of laboratory existence. 


Accordingly a bounded functional relationship will be chosen to represent a 
psychometric function. Yet we are confronted with an immediate problem. Why is 
it that the formal statistical mathematics works? Crozier has given one answer: 
hat neural activity 18 descriptively statistical. Yet we are then confronted 
with the problem that Hecht used the relative frequencies to estimate the quantal 
light yield. This would not be possible unless vision were functionally determined 
by quantal fluctuations. Furthermore, the laws of addition of probabilities which 
are not mutually exclusive apply in the correction for guessing in the forced 
guess method. The present solution effects a compromise between these points of 
view. 


To do this we shall assume a simple paradigm.(Fig. 2) A response can occur 
on the basis of proper or improper stimulation. R is measured in terms of rela- 
tive frequencies, S is the stimulus magnitude and o that set of stimuli which 
causes a subject to say he senses a stimulus objectively absent. Pavlov's condi- 
tioning situation is a simple prototype. Salivation would correspond to the res- 
ponse, S to the meat powder, and Oto the conditioned stimulus, perhaps a buzzer.. 
But the simple stimulus substitution is as inadequate for psychophysics as it is 
for conditioning, It can be rejected for the basic reason that the reflex reaction 
time to a stimulus should be the same as the voluntary reaction times whereas, 
there is overwhelming evidence that the voluntary reaction time (120 milliseconds) 
is about twice the reflex time when assessed on the same member (eyelid). If we 
modify the paradigm as in Fig. 3 we can overcome the difficulty. Here R. is assumed 
to be a primary motor response to a stimulus. The sequence of events from S to Rp 
is functionally determined by a sequence of transformations of the stimulus. When 
Rp occurs it produces proprioceptive stimlation, KS, which bears a direct corres- 
pondence to Ry. KS shows no adaptation. KS in turn feeds stimulation into a 
neural center where other functionally determined stimuli © and 65 produce a 
general level of excitation X. When the combined effects of these independent: 
excitations exceeds a certain critical value it is assumed that another response, 
Ry» is produced. The R; response is an indicator response: it is a subject's 
Saying that he senses stimulation: it is a subject's pressing a button in carrying 
out pre-experimental instructions. These effects can be represented graphically 
as in figure 4. The time sequence is represented along the horizontal axis and the 
excitation effects on the vertical axis. The regions where the excitation rises 
above the critical level are the instances where a subject would indicate he saw 
something. The kinesthetic effects of a ready signal O> are described graphically 
in figure 5. Here the ready signal is believed to increase the excitation for R: 
and thus lower the apparent but not the real threshold stimulus intensity, not 
however for Ry but in terms of the effects of Ry through KS on R;. The threshold 
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of the indicator response is thus what is believed to be altered and not the pri- 
mary response which is inalterable. R; would be expected to be sensitized in a 
high need state through more excitation feeding into the center and thus give more 
Spurious responseso 


The excitation at the center is believed to have only short time fluctuations 
probably functionally determined but by unknown stimuli. The separate sources of 
the excitation can arrive at separate instances. Yet the effects of KS always 
arrive simultaneously with some ongoing excitation. This simultaneity provides a 
fundamental condition for the laws of addition of separate excitations arriving at 
a centers; they add occlusively in producing R;. What is added can be considered 
to be the Crozier neural densities. That is 

(3) KS +o2 KS + O-KS°O 
This last expression is formally similar to the laws of addition of probabilities 
which are not mutually exclusive and provides a formal basis for the empirical but 
theoretically incorrect success (from the present point of view) of statistics in 
psychophysics. 


While Expression (3) for occlusion covers the case of a single stimulus pre- 
sentation in a psychophysical experiment, further assumptions must be made in 
order to obtain. conditions amenable to experimentation. One simplifying assump- 
tion is the notion of signal to noise, the effects of KS being signal, the other 
excitation being noise. But this notion is unsatisfactory theoretically, (although 
it is eminently workable from an engineering point of view as Rose has demonstrated 
in his analysis of television pickups) for it leads to experimentally unanchored 
guesses as to mechanisms, formally similar to communication theory, but lacking 
concrete realization. An approach bringing in the concepts of learning as well as 
the functional dependence of Rps the primary sensory response, on stimulation is 
more clearly in keeping with contemporary psychological theory. Consider Ry first. 


R_ arises as the end result of a sequence of events between stimulus and res- 
ponse. For the case of the eye, this sequence can be stated as a set of transfor- 
mations of a stimulus minimally specifiable physically as a flash of given bright- 
ness difference, of finite duration and of finite area. Its shape and intensity 
will be transformed by the structures of the eye considered as an optical system 
with its attendant aberrations. It will be further transformed as a photochemical 
sequential set, then to sets of neural transformations which change area, duration ~ 
and brightness and lastly these are transformed to muscular activity, Ry. Such 
a descriptive sequence handles the essence of the simplest visual situation, for | 
if all transformations are linear, 

(4) R,= kATB 
and if Rp » c, a constant (The Graham Assumption), then 

(5) ATB= c/k , 
which states that the energy threshold of the eye is a constant, for the product 
of area, duration and brightness is just that. Expression (5) describes a small 
part of the data of vision. By bringing in other transformations (beyond the scope 
of the present paper) those of Hecht and Graham e.g., almost the full range of data 
is describable. 
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The other excitations arriving at the center are believed to undergo similar 
transformations starting at the ear, or skin or some ongoing muscular activity as 
the case may be. In addition the excitation arising from drive stimuli by means 
of the kinesthetic stimulation produced by the responses to drive stimuli are be- 
lieved to follow similar patterns. In any event there are arriving at a center 
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separate sets of excitation which can add occlusively. Now assuming that occlu- 
sive addition of excitation arising from kinesthetic stimuli produced by primary 
reflex responses at a center is involved in producing an indicator response, and 
assuming linear transformations of stimuli similar to the previous example in 
vision, expression (3) can be interpreted in terms of stimulus and response as 
follows: 

(6) Ry= kjS] + koS2 - kjS}°ke2Se. 
And if the indicator response R; is measured in terms of relative frequency (it 
could be measured in terms of latency or amplitude), and if S] produces Roi» then 
when 8] vanishes, Rj is due solely to the effects of So. 


We are thus led to a different method of computation of thresholds in the 
classic method of constant stimuli. Consider Fig. 6. The two upper curves contin- 
ued below by dotted lines plot the relative frequencies of the indicator responses 
for lighter and heavier judgments in the case of lifted weights. The dotted por- 
tions of the curve represent the effects of stimulation other than that of the 
weights, possibly the stimuli associated with lifting itself. The lower solid 
curves plot the true sensitivity curves as corrected by subtracting the lower dotted 
curve from its upper counterpart. This procedure is given directly by expression 
(6), for the curves themselves contain the constants. Figure 7 presents the same 
treatment for the three category judgement. Thus the two category judgement corre- 
sponds to the forced guess situation. 


Table I presents difference limens computed by the classic and the present 
method. It will be noted that the effect of the attitude of the subject has least 
effect on the range of the DL when computed by the present method. The method 
further gives an objective measure of the attitude of the subject in terms of the 


discrepancy and the direction of the discrepancy between the DL's computed by the 
two methods. 


Table II presents difference limens obtained for five subjects for sound and 
light difference thresholds and compares the DLL's obtained by two and three cate- 
gory procedures. It is to be noted from the table that the mean DL's are lower 
for the two category judgement, a finding in agreement with Blackwell's on the 
forced guess situation where the correction for guessing was objectively present. 
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TABIE I 
Observer B Observer P Observer H 
A B C A B C A B C 
pon. 
A = Pressure Sensations. (fingertip) 7 
B =Kinaesthetic Sensations (wrist) 
C = Stimulus Error 
Data from Fernberger. J. Exper. Psychol. 1921, 4, 63-76. 
TABIE II 
Light 
2 category 3 category 2 category 3 category 
Trial 1 Trial 2| Trial 1. Tridel ©..Trial 1 Trial 2! Saal fee 
1 
08 
v3 
ss 
Mean 5.94 6.72 4.76 4.92 


Data from Kellogg. Arch Psychol. 1930 #112 
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Spectral Transmittance Requirements for Neutral Type Sun Glasses 
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Deane B. Judd 
National Bureau of Standards 


The primary requirement placed on the spectral transmittance of neutral type 
sun glasses is that such transmittance be low enough in the visible spectrum to 
protect the eyes from glare, and high enough to Feraty distinct vision. This re- 
quirement is stated in the current specification in terms of daylight transmittance 
by placing the maximum at 18 percent and the minimum at 12 percent. 


Secondary, but none-the-less important, requirements are that the glasses have 
spectral transmittances in the ultraviolet region of the spectrum low enough to 
protect the conjunctiva and lids from sunburn, and that they have spectral trans- 
mittances in the infrared region low enough to protect the eyes from undue heating. 
These requirements are now set by placing a maximum of 0.2 percent for average 
transmittance throughout the erythemal ultraviolet region of the spectrum (290 to 
320 mm), and by placing a maximum of 15 percent for average transmittance for the 
near-infrared region of the spectrum (800 to 1200 m). 


A third requirement placed on the spectral transmittance of neutral type sun 
glasses is that this transmittance shall be such as to give the lenses a neutral or 
nearly neutral color. This requirement is now setl by defining a region of the 
(x,y)-chromaticity diagram of the ICI system within which the point corresponding 
to the chromaticity coordinates (x,y) of the goggle lens mst fall for illumination 
of the lens by standard ICI source C (representative of average daylight). This 
region corresponds fo Munsell chroma less than 1.5 for Munsell value equal to 4.0. 


A final, and more complicated, requirement on spectral transmittance of these 
sun glasses is that it stay sufficiently constant within the visible spectrum to 
avoid objectionable distortion of object colors. This requirement is stated! by 
placing a minimum of 60 on the daylight duplication index. 


The daylight duplication index is based upon the degree to which computed 
values of chromaticity coordinates (x,y) and luminous reflectance of three pairs 
of test objects for direct viewing by standard daylight (ICI source C) agree with 
the same values computed for viewing by standard daylight through the goggles 
under test.” If the spectral transmittance of the test goggles is constant through- 
out the visible spectrum, these chromaticity coordinates and luminous reflectances 
of the test objects must remain precisely the same and the daylight duplication 
index must be 100. Values of this index correlate very well with experimental 
results obtained by Farnsworth®, and the index is the most reliable way known for 
stating the degree to which objects viewed through goggles are rendered in their 
natural daylight colors. 


1. Air Force-Navy Aeronautical Specification Glasses; Flying Sun, AN-G-22a 
(28 April 1948) 

20 D. Be Judd, Daylight duplication index requirements for aviation sun glasses, 
Minutes and Proceedings of the Armed Forces=-NRC Vision Committee, 23rd Meeting, 
p- 37, (March, 1949). 

5e Dean Farnsworth, The effect of colored lenses upon color discrimination, 
Color Vision Report No. 9, Medical Research Laboratory, New London, 
(3 September 1945) 
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The requirement jn terms of daylight duplication index was inserted into the 
purchase specification” so as to inform the glass industry as precisely as possible 
what the goggle requirements of the armed forces are. This was done with the hope 
that the industry would thereby be encouraged to develop new types of goggle glass 
meeting these requirements beyond any question. Representatives of theglass indus- 
try objected, and rightly so, that daylight duplication index is unsuited to routine 
inspection of goggle lenses because of the time involved in making the calculations 
even after the curve of spectral transmittance is known. It takes a computer at 
least 8 hours to compute the daylight duplication index for one lens and to check 
the computations; see pages 7 to 10 of the purchase specification. 


Whether the statement of a tolerance in terms of daylight duplication index 
had any important influence on the research efforts of the glass industry is not 
known to the author, but it is true that two experimental glasses have recently 
been submitted to the Bureau of Medicine and Surgery, Department of the Navy, which, 
in turn, submitted them to the National Bureau of Standards for test. One of these 
glasses, that submitted by the Pemberthy Instrument Company and identified as Pen- 
Tru, was found to represent a substantial improvement; the other, that submitted 
by the Bausch and Lomb Optical Company, was found to represent a marked improvement. 
Because of these developments, the need for a precise statement of the requirements 
in terms of daylight duplication index no tonger exists. Instead, some simpler way 
of stating the requirements approximately should be found and written into the pur- 
chase specification. 


Figs. 1 to 5 show the spectral transmittance (solid curve), daylight trans- 
mittance To (horizontal dashed line), and daylight duplication index Ip for the 
following goggle-lens materials: (1) Rose Smoke glass, (2) Polaroid Neutral 
plastic, (3) Bausch & Lomb 1911 Smoke glass, (4) Pen-Tru sun glass, and 
(5) Bausch & Lomb 1949 Smoke glass. Figs. 1 and 2 rperesent goggle-lens materials 
that fail to meet the minimum value (60) specified* for daylight duplication index 
for neutral type sun glasses. Figs. 3,4 and 5 represent goggle-lens materials that 
mest this requirement barely (3), easily (4), and with distinction (5). Any 
simpler statement of the requirements should yield essentially the same results. 


A similar problem has arisen in the specification of the color-rendering 
properties of fluorescent lamps. Bouma* and Winch and Ruff? have proposed dealing 
with rendition of object colors by considering the visible spectrum in eight bands 
whose width and location are chosen so as to have about equal importance in color 
rendition. These eight bands are included between the wavelengths 380, 420, 440, 
460, 510, 560, 610, 660 and 770 mi, and are shown on each of Figs. 1 to 5 by verti- 
cal solid lines. <A form of stating the color-rendition requirement has been tried 
that deals only with the average of the spectral transmittance within these eight . 
bands considered in relation to the daylight transmittance of the lens. Let Th 
represent this average transmittance for band, n, where n = 1 refers to the wave- 
length range 380 to 420 m, n = 2 refers to the wavelength range 420 to 440 mi, and 
so on up to n = 8 which refers to the wavelength range 660 to 770 m. The color- 
rendition requirement would be stated in some such form as: The test lens passes 


provided the ratio Tn/T¢ for each of the 8 wavelength bands falls within specified 
upper and lower limits. . 


4, Po. Jo Bouma, Two methods of characterizing the colour=-rendering properties ofa 
light source, Philips Tech. Rev. 2, 1 (1937) | 
5. G T. Winch and H. Ro Ruff, Measurement, representation and specification of 


colour and colour-rendering properties of light sources, Proc. International 
Commission on Illumination, (Paris, 1948). 
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Tentative upper and lower limits have been set with relatively strict limits 
applying to the middle spectral ranges and relatively wide limits to the two extreme 
bands; see Table 1. This selection of upper and lower limits is based on a prin- 
ciple explained and used by Peckham. These limits are shown on Figs. 1 to 5 by 
horizontal: saw-tooth lines and arrows. The average of the spectral transmittance 
within the same wavelength intervals is shown in each case by a solid horizontal 
line. The daylight transmittance Tc of each specimen of goggie-lens material is 
indicated by a horizontal dashed line. 


It will be noted from Figs 1 and 2 that the goggle-lens materials (Rose Smoke, 
Polaroid Neutral) whose daylight duplication indices (39, 57) are below the require- 
ment (60) likewise fail to meet the suggested approximate restatement of the 
requirement. That is, the Polaroid Neutral fails by having too low an average 
spectral transmittance in band 6; and Rose Smoke fails by having transmittances 
too low in bands 1, 2, 3 and 4. On the other hand, from Figs. 3, 4 and 5 it will 
be seen that the goggle-lens materials (Bausch & Lomb 1911 Smoke, Pen-Tru, Bausch 
& Lomb 1949 Sucke! whose daylight duplication indices (63, 79, 87) are above the 
requirement (60) likewise meet the suggested approximate restatement of the require- 
ment. That is, the Bausch & Lomb 1911 Smoke glass barely meets the lower limit in 
band 3, the Pen-Tru glass complies with the limits with a somewhat wider margin, 
and the Bausch & Lomb 1949 Smoke glass meets each limit with a wide margin. This 
latter goggle-lens material is a truly remarkable approach to the desired nonselec- 
tive spectral transmittance throughout the visible spectrum (380 to 770 m2 ) 0 The 
approximate restatement of the object-color-rendition requirement in terms of upper 
and lower limits of the transmittance-ratio Tr/To in 8 spectral bands thus manages 
to fail the two goggle-lens materials, out of the five considered, known to be 
unsatisfactory in object-color rendition, and passes those three goggle materials 
known to be satisfactory. 


Table 1, Suggested upper and lower limits on Tr/Te 


n Wavelength Limit on T,/To 
range, mu Upper Lower 
1 380-420 4.0 1/4.0 
2 420-440 1.8 1/108 
3 440-460 1.6 1/1.6 
4 460-510 1.5 1/165 
5 510-560 : 1.4 1/1.4 
6 560-610 1.3 1/1.3 
7 610-660 1.6 1/1.6 
8 660-770 8.0 1/8.0 


a tection ep ews pertain nisin estsieincsicnpejncia 
6 R. H. Peckham, Influence of sun glasses on object-color perception, Report on 
Project NR 142-565, Contract N8 onr 560 (September, 1949). 
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DISCUSSION: 


Dr. Fry asked how one would adjust the over-all dailight transmission of a given 
sunglass in order to satisfy the Bouma-type limits. 


Dr. Judd stated that the daylight transmission is given by the integrated value of 
the transmissions within each of the bands multiplied by the luminosity fac-~- 
tors approximate to these bands. Accordingly, one cannot improve the situa- 
tion with respect to the Bouma-type limits very mich be attempting to adjust 
the daylight transmission. The requirement is that the ratio between the 
average transmission in a band and the average transmission to daylight for 
all bands shall fall within a given range. In practice, one begins by 
determining a spectral transmission curve, computes the daylight transmission, 
and then computes the ratios for each of the eight wave bands. 


Dr. Johnson asked whether the color distortion experienced through the Polaroid 
sunglass would not be severely influenced by the steepness of slope of the 
transmission curve between bands. 


Dr. Judd agreed that the steepness of slope would, of course, distort color per- 
ception and that the Bouma-type limit method has the disadvantage that it 
does not take account of bands in which the ratio is almost in excess of the 
acceptable value. Dr. Judd suggested that there should be some way of 
pooling the information obtained from various bands rather than accepting a 
hard and fast rule for pass and fail within each of the eight bands. Dr. 
Judd suggested that perhaps one could add up the deviations within each band 
in order to get an over-all idea of how large the variation is. 


Dr. Chapanis asked whether Dr. Judd could not employ a more usual statistical tech- 
nique for determining the adequacy of non-selectivity of transmission. He 
suggested that one could set a limit on the average deviation of transmission 
for each spectral band from a daylight transmission. Another suggestion 
would be to specify that the average difference in logarithm of transmission 
between each successive spectral band should not exceed a certain limit. 


Dr. Judd expressed his interest in these suggestions, and stated his intention to 
try out these possibilities before choosing the form of stating the require- 
ment to be recommended for inclusion in the purchase specification. In 
answer to a question from Colonel Byrnes, Dr. Judd stated that the infrared 
and ultraviolet transmission requirements should probably remain unchanged 
at 15% in infrared and 2/10 of 1% in the ultraviolet region. 
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REPORT OF THE SUBCOMMITTEE ON NIGHT VISION 
William S. Verplanck, Chairman 


The Subcommittee on Night Vision was set up to answer several specific ques- 
tions raised with respect to the future of night vision testing in the armed forces. 
It has met several times and rather extensive discussions occurred. Its report to 
the full Committee consists of a set of answers to questions placed to the Sub= 
committee by the Navy and a single statement of the Subcommittee views in answer 
to the series of questions placed by the Army. Answers to the questions placed 
to the Subcommittee by the Navy: 


1. What are the recommendations of the Committee at this time concerning 
the necessity for large scale night vision testing under conditions of ma&s mobi- 
lization? 


Ans: The Vision Committee does not feel that it can evaluate completely 
either the need for or the desirability of large scale night vision testing under 
conditions of mass mobilization; the individual services, in view of their special 
operational requirements are better able to make such evaluation. The Army Field 
Forces have stated that the selection of superior in night vision is highly de- 
sirable. For those services that feel that night vision selection is desirable, 
then the position of the committee is as follows: 


A. In view of experience in the recent war, which showed grave difficulties 
in the maintenance of necessary standardization of night vision tests, and in the 
absence of convincing evidence on the validity of such tests, the committee does 
not recommend the use of any of the present tests or tests like thom in a mass 
testing program. This suggestion should not be construed as a recommendation 
that research on night vision testing in specific military organizations be dis- 
continued. 


No special test is needed for the detection of the far less than 1% of the 
population who are clinical night-blind. Those men identify themselves by obvious 
inept performance of duty, in night vision training situations, and by complaints 
to their superiors. 


B. Necessary steps for the development of new night visual selection pro- 
cedures are (1) a thorough job analysis of night performances encountered in each 
of the services, and (2) the determination, through studies over long periods of 
time, of the stability of individual differences in these performances. Unless 
it can be demonstrated that men can consistently be classed as superior, average, 
or inferior in night operations, it is futile to select men for them, regardless 
of the reliability of tests employed. 


C. Along with these studies of the reliability of the performances, a 
variety of tests, including those now in use and some entirely novel ones, should 
be studied. If the criteria prove reliable, test-batteries which will predict spe-~ 
cific performances at a specified level of confidence, and which may be employed 


to classify men of different grades of performance, can be developed according to 
the usual methods of test construction. 


Do. With batteries of known characteristics, the services might consider the 
relative desirability of administering them at induction centers, training centers, 
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or specialty schools. Consideration should be given to the cost involved in such 
a program. Extremely able, well-motivated, and highly trained test administrators 
and supervisors will be essential. The costs in time, personnel, and money will 
be great and probably justifiable only in cases where small numbers of key men for 
specialized night duties are involved. 


It is the opinion of the Subcommittee on Night Vision of the Armed Forces - 
NRC Vision Committee that it is doubtful that the gains which may be achieved by 
such a program would warrant the effort involved. This again, however, is a deci- 
sion which can be made only by the services themselves in the light of other expec- 
ted gains. If the gains are desirable, then the program outlined above is recom- 
mended for immediate action. 


It may be pointed out that most of the gains of such a program could in many 
cases be obtained by simpler methods. The Navy, for example, could obtain con- 
siderable improvement in the performance of visual lookouts by the simple expe- 
dient of doubling or tripling the number of men assigned to each sector. 


20 If judged to be necessary, what steps should be taken to assure adequate 
preparation for such testing? 


Ans: As the foregoing answer suggests, any mass program for night visual 
testing will require the construction and equipment of testing rooms, the training 
of a great number of highly skilled test administrators, and the procurement of a 
considerable number of supervisory persoanel to maintain the standardization of 
the tests. 


5. Should there be a program for the development of night vision training 
devices for use with large groups? 


4, What training devices are recommended? 


5. Is the Evelyn Trainer a satisfactory training device for indoctrination 
in night operations? 


Ans; For the instruction of groups of more than twenty men, it is useless to 
attempt to give realistic training or practice in night vision skills. In such 
circumstances an instructional film or lecture is the only recourse. Such lectures 
or films would be in no way an adequate substitution for actual training, 


For the training of men in groups of six to twenty the Evelyn and other 
trainers are available. There may be a need for the development of training de- 
vices which will give practice in the detection and recognition of particular types 
of targets encountered by specialized groups. 


This suggestion is accompanied by a warning that the reproduction of realistic 
field conditions in night vision training centers has not met with unqualified 


success in the past, and poor simulation means that the men trained may develop 
bad habits. 


If a trainer is desired, the Evelyn trainer may be recommended as an efficient 
device for instructing men in such basic principles of night vision as: 


a. time required for adaptation 
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bo importance of off-center scanning 
c. altered appearance of visual targets under night time conditions, etc. 
d. giving basic practice in night visual skills. 


Each of the services may supplement this with training especially adapted to 
its own problems. 


Devices developed for such training, of which some are already in existence, 
should be checked carefully for verisimilitude and validity. | 


6. Is a night vision test with an adaptometer of the Radium Plaque type 
necessary or desirable to establish firm evidence of night blindness in cases of 
men failing night vision training courses? 


Ans; A diagnosis of night blindness should not be based merely on perfor- 
mance in training situations. A test is required which is especially suited to 
the detection of malingerers. A multi-brightness level test would probably be 
more easily adaptable to this task than the one-level radium plaque adaptometer. 


In reply to the questions on the list submitted to the Vision Committee by 
the Personnel Research Section, Office of the Adjutant General which have not been 
covered in the replies framed in answer to the questions submitted previously by 
the Navy and Air Force, the Committee has prepared the following statement: 


At the closing of the May 26th meeting of the Subcommittee on Night Vision, 
a Sub-Subcommittee was asked to prepare, at once, a summary intending to make clear 
the considered consensus as to proposals for selection and training of personnel 
with respect to night visual performance. 


Before reply can be offered for specific questions such as those now before 
the Subcommittee, a statement as to the general position is required. The following 
statement was prepared by the Sub-Subcommittee: 


We do not recommend using test devices as trainers, or training devices as 
| testers. | 


The most successful and widely used trainers have been especially designed to 
capture the attention and interest of men being trained and, through resemblance 
to practical night-vision tasks, to facilitate carryover of techniques and atti- 
tudes from the training sessions to the field situation. While individual dif- 
ferences in ability unquestionably manifest themelves during training, attempts to 
score these performances have not yielded results comparable in reliability to 
scores obtained from devices designed for the specific purpose of testing night 
vision. 


The test devices, on the other hand, lack the "audience appeal” -- the atmos- 
phere of practicability which makes the lessons "stick," -- a most important con- 
sideration in any educational procedure. 


Of testing devices there have been three main types: 


1. adaptometers, which measure the rate of dark adaptation 
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2e threshold testers 
3. tests of night visual acuity 


The first two have been largely abandoned by the services, for good and 
sufficient reasons which will not be detailed here. The tests of acuity (which 
include all tests currently being considered) have also been widely criticized, 
on two main grounds: 1. reliability, 2. validity. 


Reliability 

This refers to the ability of a test to place a man consistently in the same 
grade or category. This is of first importance, since a test which cannot pre- 
dict how men will stand on a successive administration of the same test would 
hardly be able to predict his ability on other tasks. The reliability of a test 
depends not only on its accuracy as a measuring device, but also on the spread of 
ability in the population tested. In testing men who are all nearly equal in 
ability, even small errors in testing may confuse the relative order of the men 
completely. 


Studies have shown! that, among healthy young men of aircrew age, scores may 
range from perhaps 50% to 150% of average, using scores proportional to the dis- 
tance at which a standard target could be recognized. The U. S. Army®, testing 
less highly selected men, found scores ranging from 1 to 4 (or more) in ability. 
Each of these ranges would be less if the factor of regressionwere to be taken 
into accounte 


Numerous tests of this factor of night visual acuity were developed during 
the war. Their reliability coefficients varied considerably, but they reached, 
for the better standardized tests expertly administered, a level of about 0.80 
for day to day reliability. Under mass testing conditions, 0.70 would probably 
be somewhat of an achievement. 


This degree of reliability is not high enough to discriminate "good" from 
“average,” or “average” from “poor” men with certainty, although by limiting one's 


1. Evelyn, K. A. et ale Report to the Subcommittee on Personnel Selection of the 
Associate Committee on Aviation Medical Research, National Research Council, 
Canada, from R.C.A.F. Biophysics Laboratory, Mar. 1, 1945. 


2e. P.R.S. Report 816, Validation of Army Night Vision Tester, P.J. 4074-08, Per- 
sonnel Research Section, PR & PBr., Pers. Bure, AGO, 30 Jan., 1950. It should 
perhaps be emphasized that the ranges given here are extremes, and that the 
majority of men fall between 80% and 120% of normal. It should also be men- 
tioned that there are, in any general military population, a few men (usually 
estimated at a fraction of 1%) who are "night blind.” These men are not in- 
cluded in the range estimates above. We have given their case consideration 
heel See answers to Navy,Air Force query for reference to detection of 

ese men. 


5e Berry, Wo. “Review of Wartime Studies of Dark Adaptation, Night Vision Tests, 
and Related Topics,” Armed Forces-NRC Vision Committee, December 1, 1949. 
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selections to the top few percent, one would be fairly certain of eliminating the 
” w : 
poor. 


The precision of selection could be enhanced, of course, by giving the test 
several times and striking an average score. On several of the tests used during 
the war "rejects" were, in fairness, given three trials. ~® This resulted in the 
passing of most of those originally classed as failures. Similarly, to confirm 
rankings in other parts of the distribution would require a tremendous amount of 
testing and retesting. 


Validity 


This refers to the success of a test in predicting a man's abilities in the 
non-test or "real life" situation. In order to ascertain validity, one must find 
some way to rate or score real life in order that a comparison may be made. Vali- 
dation of tests of night visual agui ty have been attempted by several service 
laboratories. In several cases, -°~° hopeful validity coefficients were obtained. 
Objections have been raised, however, either on the grounds that the outdoor or 
field test was unrepresentative,~ or that only a single type of situation had been 
employed, one which did not adequately sample the wide variety of skills which 
make for all-round "good" night vision performance. Since what is tested is acuity, 
it is perhaps unfair to expect a correspondence of test scores with other aspects _ 
of visual performance. This, however, leads directly into the objection that if 
the test measures only a limited aspect of night visual performance this may, it- 
self, be considered a defect. Doubts have also been raised as to the stability of , 
night vision ability over periods of time. Real evidence on this point is lacking. 


What is needed, theoretically, is a series of attempts to validate the acuity 
tests by comparison with a broader sample of field performances. This means: first 
identifying the tasks in which night vision is presumed to be important, ** and 
secondly on finding some way to rate or score both: 1. the whole performance, and _ 
20 the particular visual aspects of it. Scores on night visual acuity tests (and 
perhaps tests of other night vision abilities) might then be compared to determine 
whether: 1. the visual performance (field) was adequately predicted by the tests, 
and 2. whether visual superiority manifested itself also in the form of general 
superiority on the whole task. What is needed, in other words, is a "job analysis” 
to test the part played by the testable aspects of vision in a variety of field 
performances. 


In view of the apparent validities for some of these tests in terms of certain 
Specific situations, as cited previously, we must recognize that night visual 
acuity plays a part in night performance. But we are not convinced that it plays 


4. Verplanck, Wo So USN, Submarine Base, New London, Conn., "A Report on the 
Night Vision Testing of 5750 Men.”, 1944 


6. Chapanis, A,, "Night vision tests and the night vision testing program in the 
Army Air Forces.* Aero Medical Lab. 20 July 1944 


* Presumably with mass testing a man’s score would follow him without opportunity 
for further check, for the duration of his period of duty 


** The AGO has compiled such a list. 
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a sufficiently significant part in the over-all duties of the general soldier to 
warrant the undertaking of a program of mass testing. After the establishment of 
such valid and reliable criteria, they may be used also for the re-examination of 
training procedures. 


Such tests may be useful to select men for specific duties in which night 
vision is primary, but, for the general soldier, we strongly recommend a brief 
session of instruction and practice in the rudiments of good night vision tech- 
nique which should precede any testing program put into effect. Work on tests 
should be continued, probably extending also to tests which measure functions other 
than acuity, with attempts to validate these in terms of visual tasks. 


If the services’ views of their requirements should make them feel that mass 
testing ought to be undertaken, it is urged that the validation studies we have 
suggested be carried out to demonstrate their utility for the services. 


The Subcommittee recognizes that it is not in the best position to evaluate 


service requirements, It hopes only that its advice may be of assistance. 


Note: The acceptance of this report was approved by the Vision Committee for 
transmittal to the military department. 
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Minutes and Proceedings 
of the Meeting of the Subcommittee on Night Vision 


May 26, 1950 
Members present were: 


Dr. William S. Verplanck, Chairman 
Dr. Lloyd H. Beck 
Colonel Victor A. Byrnes | 
Dr. Alphonse Chapanis 
Dr. W. J. Crozier 
Dr. E. Parker Johnson ...... 
Lt. Col. Lee 0. Rostenberg . 
.. Dr. William Rowland 
. Dr. Louise Sloan 
Capt. John T. Smith 


Dr. Verplanck called the ee to order and outlined the business of the Subcom- 
cittee as follows: 


The Subcommittee was appointed on February 17, 1950, in order that recommendations 
could be obtained with respect to a series of questions prepared by Captain C. W. 
Shilling, representing the Chief of Naval Research. Since that time, advice has 
been received that the original list of questions represents adequately the infor- 
mation required with respect to night vision testing by both the Navy and the Air 
Force. The questions are, as follows: 


1. What are the recommendations of the Committee at this time concerning the 


necessity for large scale night vision testing under conditions of mass mobi- 
lization? 


2o If judged to be necessary > what steps should be taken to assure adequate 
preparation for such testing? 


3. Should there be a program for the development of night vision training 
devices for use with large groups? . 


4, What training devices are recommended? 


5. Is the Evelyn Trainer a satisfactory Vee device for indoctrination 
in night operations? 


6. Isa night vision test with an adaptometer os the Radium aset type 
necessary or desirable to establish firm evidence of night blindness in cases 
of men failing night vision training courses? 


The interest of the Army is apparently vaprosented by the soskoweng quotations from 
a letter prepared by the Office of the Adjutant General: 


"It ia perhaps unnecessary to say that our primary interest in the prob- 
lems of night vision arises from responsibility for developing methods and 
procedures for maximizing the match between significant job requirements 
and the major capabilities of job incumbents. . . o » oAssuming that night 
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vision is believed to be important, our major concern is not in distinguishing 
night blind versus normal but rather is to: 

"a, measure reliably the extent of variation among individuals in ability 
to see under conditions of dark adaptation. 


"bh, determine precisely as possible what proportion of the total variance 
in performance in important tasks presumed to involve night vision is account- 
ed for by the measurements referred to in "a." 


"coc. determine the effects of various kinds of night vision training on 
“a't and what effects such training has on interrelation of "a" and "b." 


"Needless to say, our interest in what physiological or psychophysiological 
functions are involved inthe measurements referred to in "," is secondary 

to the determination that they are usefully reliable and valid for predicting 
certain performances when used properly under military conditions with large 
numbers of men. This is not to imply that knowledge of this sort is not 


important and will not ultimately make the solution of our problem easier. 
"The comments of the Committee on the foregoing basic presumptions are invited. 


“There are also a number of specific questions for which we would be glad to 
have the Committee's answer. These are: 


1. “In the event of mass mobilization in the near future, should en- 

listed men being considered for military specialties in which average 

or better than average night vision ability is either necessary or de- 
Sirable be selected partly on the basis of a night vision test such as 
ANVT-R2X? ; 


20 “If the answer to question 1 above is yes, should the selection be 
made before or after night vision training is given? 


3. "If the answer to question 1 above is no, should night vision training 
be given and what should be the nature and extent of such training? 


4, “If the answer to question 2 above is after night vision training is 
given, what should be the nature and extent of such training? 


5. "Considering the existing night vision tests in terms of numbers of 
men testable per unit of time, number, and qualifications of test adminis-~ 
trators, reliability, validity, and general suitabitity for use as a class- 
ification tool, which test is recommended for immediate use in the event 

of mass mobilization? 


6. “Considering long-term research in night vision testing as a supple- 
ment to immediate recommendations, what approaches are recommended in 
setting up research, which will result in a more efficient, reliable and 
valid night vision test? 


Te "If it seems operationally unfeasible to utilize ultimate criteria 

of military success for validation studies, what are some possible proxi- 
mal or intermediate criteria that could be utilized in the validation of 
night vision tests? 
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8, “What is the evidence for so-called diurnal variation in night vision 
ability when the reliability of the night vision tests used is taken into 
account? 


9, "Can the effect of training in night vision be measured or evaluated 
without a reliable and valid test of performance in which night vision 
ability is a major component?” 


Three recommendations pertinent to night vision testing and training were prepared 
by the Subcommittee on Visual Standards and approved by the Committee at the 22nd. 
meeting on November 11-12, 1948, at Randolph Air Force Base, which read as follows: 


1. “The Subcommittee does not believe that mass testing of night visicn is 
at present necessary. 


2. “Any interest in night vision should be centered around night vision 
training rather than testing. 


3, ‘Further study of night vision tests is desirable and should be undertaken." 


Dr. Verplanck stated that the Adjutant General’s Office had endeavored to discover 
to what extent the Army Field Forces regarded night vision testing and training as 
important. Dr. Verplanck summarized a letter received from the Army Field Forces 
by AGO which indicated continued interest in night vision training and testing. 


Dr. Verplanck stated that he had received comments from Subcommittee members con- 
cerning the first six questions which were originally submitted to the Subcommittee 
on February 17, 1950, and that the comments of members of the Subcommittee could 
apparently be summarized as follows: 


1. What are the recommendations of the Committee at this time concerning the 
necessity for large scale night vision testing under conditions of mass 
mobilization? 


Ans: The Vision Committee does not feel that it can evaluate completely 
either the need for or the desirability of large scale night vision testing 
under conditions of mass mobilization; the individual services, in view of 
their special operational requirements are better able to make such evaluation. 
The Army Field Forces have stated that the selection of those superior in 
night vision is highly desirable. For those services that feel that night 
vision selection is desirable, then the position of the Committee is as follows: 


A. In view of experience in the recent war, which showed grave difficul- © 
ties in the maintenance of necessary standardization of night vision tests, 
and in the absence of convincing evidence on the validity of such tests, 
the Committee does not recommend the use of any of the present tests, or 
tests like them, in a mass testing program. This suggestion should not 

be construed as a recommendation that research on night vision testing 

in specific military organizations be discontinued. 


No special test is needed for the detection of the far less than 1% 
of the population who are clinical night-blind. Those men identify them- 
selves by obviously inept performance of duty, in night vision training 
situations, and by complaints to their superiors. 
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B. Necessary steps for the development of new night visual selection 
procedures are: (1) a thorough job analysis of night performances en- 
countered in each of the services, and (2) the determination, through 
studies over long periods of time, of the stability of individual dif- 
ferences in these performances. Unless it can be demonstrated that men 
can consistently be classed as superior, average, or inferior in night 
operations, it is futile to select men for them, regardless of the 
reliability of tests employed. 


C. Along with these studies of the reliability of the performances, a 
variety of tests, including those now in use and some entirely novel ones, 
should be studied. If the criteria prove reliable, test-batteries which 
will predict specific performances at a specified level of confidence, and 
which may be employed to classify men of different grades of performance, 
can be developed according to the usual method of test construction. 


D. With batteries of known characteristics, the services might consider 
the relative desirability of administering them at induction centers, 
training centers, or specialty schools. Consideration should be given to 
the cost involved in such a program. Extremely able, well-motivated, and 
highly trained test administrators and supervisors will be essential. The 
costs in time, personnel, and money will be great and probably justifiable 
only in cases where small numbers of key men for specialized night duties 
are involved. . 


It is the opinion of the Subcommittee on Night Vision of the Armed 
Forces NRC Vision Committee that it is doubtful that the gains which may 
be achieved by such a program would warrant the effort involved. This 
again, however, is a decision which can be made only by the Services them- 
selves in the light of other expected gains. If the gains are desirable, 
then the program outlined above is recommended for immediate action. 


It may be pointed out that most of the gains of such a program could 
in many cases be obtained by simpler methods. The Navy, for example, 
could obtain considerable improvement in the performance of visual look- 
outs by the simple expedient of doubling or tripling the number of men 

» assigned to each sector. 


20 If judged to be necessary, what steps should be taken to assure adequate 
preparation for such testing? 


Ans: As the foregoing answer suggests, any mass program for night visual 
testing will require the construction and equipment of testing rooms, the 
training of a great number of highly skilled test administrators, and the 
procurement of a considerable number of supervisory personnel to maintain the 
standardization of the tests. 


3. Should there be a program for the development of night vision training 


devices for use with large groups? 
4. . What training devices are recommended? 


5 Is the Evelyn Trainer a satisfactory training device for indoctrination 
in night operations? 


__heserereD— 


Ans: For the instruction of groups of more than twenty men, it is use- 
less to attempt to give realistic training or practice in night vision skills. 
In such circumstances an instrucional film or lecture is the only recourses 
Such lectures or films would be in no way an adequate substitute for actual 
training. 


For the training of men in groups of six to twenty the Evelyn and other 
trainers are available. There may be a need for the development of training 
devices which will give practice in the detection and recognition of parti- 
cular types of targets encountered by specialized groups. 


This suggestion is accompanied by a warning that the reproduction of 
realistic field conditions in night vision training centers has not met with 
unqualified success in the past, and poor simulation means that the men 
trained may develop bad habits. 


If a trainer is desired, the Evelyn trainer may be recommended as an 
efficient device for instructing men in such basic principles of night vision 
as: 


ao time required for adaptation 

bo importance of off-center scanning 

co altered appearance of visual targets under night time conditions, etc. 
d. giving basic practice in night visual skills. 


Each of the services may supplement this with training especially adapted 
to its own problems. 


Devices developed for such training, of which some are already in exis- 
tence, should be checked carefully for verisimilitude and validity. 


6. Is a night vision test with an adaptometer of the Radium Plaque type 
necessary or desirable to establish firm evidence of night blindness in cases 
of men failing night vision training courses? 


Ans; A diagnosis of night blindness should riot be based merely on per- 
formance in training situations. A test is required which is especially 
Suited to the detection of malingerers. A multi-brightness level test would 
probably be more easily adaptable to this task than the one-level radium 
plaque adaptometer. 


Dro Verplanck called for discussion of the tentative answer to the Navy and 


Air Force questions and for the discussion of possible answers to the questions 
raised by the Army. . 


Colonel Rostenberg stated that he was not in agreement with the answer prepared 


by the Chairman to the first question in the Air Force and Navy list. He 
stated that he did not regard it as an adequate answer to the questions on 
night vision testing and training raised by the Army. 


Colonel Byrnes expressed his belief that the answer was adequate for the Navy and 


Air Force. 


Colonel Rostenberg stated that he merely wanted to make it clear that this did not 


provide the answer to the Army questions. 


a _—— 


In response to a question from the floor, Dr. Verplanck stated that the Subcom- 
mittee does not wish to discourage the study of night vision testing; the Sub- 
committee simply does not believe that any of the present tests would prove 
feasible in a mass testing program, nor is the Subcommittee particularly hopeful 
that a feasible test can be developed. 


Colonel Rostenberg stated that the Subcommittee could make a real contribution to 
the Adjutant General's Office night vision program by stating minimum stan- 
dards for testing and training devices. Colonel Rostenberg gave as an ex- 
ample of what he meant the fact that there is a standard visual acuity test. 
Other tests which are considered for adoption are routinely compared to the 
standard visual acuity test. Colonel Rostenberg asked whether such a stan- 
dard could not be adopted for night vision. Furthermore, Colonel Rostenberg 
requested that the Subcommittee provide suggestions for a basis for evaluat- 
ing whether a given training device is good or bad. 


Dr. Verplanck stated that, in his belief, it was futile to set up standards for 
night vision ability when there is no certainty as to the reliability of 
standard situations, He stated that necessary steps for selection of a 
standard would involve the following: 1. A thorough job analysis of night 
performance as encountered in each of the services, and 2. The determination 
of the stability of individual differences over long periods of time. If 
stable individual differences in specific night performance abilities are 
found, then one could begin to worry about development of a standard vision 
selection test. 


Dr. Johnson stated his belief that the Subcommittee answers, as reported by Dr. 
Verplanck, would serve to encourage the unwarranted development of a large 
number of tests which will be similar to the present tests and not neces- 
Sarily as good as the present tests. Dr. Johnson stated his belief that the 
present tests are about as acceptable as any acuity tests are likely to 
become. The reliability of night acuity tests administered under mass con- 
ditions, ayerages about 0.70. Administered under laboratory conditions, 
or by specially skilled personnel, the reliability coefficient may become 
higher. 


Dr. Crozier commented that he was impressed during the last war by the lack of 
correlation between training records and actual records of performance under 
combat in night ability. He stated that the correlation was worse than ZeL©O, 
in some cases. 


Colonel Rostenberg commented on the statement made in the tentative Subcommittee 
answer to the first question that there is "no convincing evidence of the 
validity of night vision tests." Colonel Rostenberg reported that anyone 
who has worked with military personnel in the field will be convinced that 
there is a tremendous difference in performance of the various men which 
corresponds to classification of the men even on an imperfect classification 
test. Colonel Rostenberg stated his belief that it should be possible to 
develop an instrument to separate the Superior from the inferior, and that 
the Committee should establish some kind of standard test with which other 
tests could be compared. 


Dr. Verplanck stated that Colonel Rostenberg seemed to assume that night vision 
ability is stable, an assumption which, in his Opinion, most of the rest of 
the Subcommittee did not accept. 
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Dr. Uhlaner commented that there seemed to be some difference of opinion with 
respect to the interpretation of data. He stated that data now available 
indicate there is some reliability to night vision tests which are in exis- 
tence, not only test-retest reliability on the same day, but also test-retest 
reliability over a period of several weeks. Dr. Uhlaner stated that 
undoubtedly somewhat higher reliability than has been obtained would be de- 
sirable, but stated his opinion that the question is whether or not the data 
now available can be used. Dr. Uhlaner stated that the test-retest relia- 
bility is of the order of 0.70 over long periods of time, and that it runs 
somewhat higher on the split test-retest which showed that there is some 
variability of performance of a long temporal order. 


Dr. Uhlaner further commented that, in his opinion, the problem is no different 
from the case of selection for photopic visual acuity. 


Dr. Sloan commented that the problem was somewhat different because, in the case 
of photopic visual acuity testing, the task is to eliminate those with less 
than 20/20 vision, not to distinguish between those with 20/20 from those with 
20/10 vision. 


Dr. Verplanck commented that it is a great deal easier to add a new selection test 
to the medical examination, even though it may be invalid, than it is to 
eliminate tests which have already been adopted. For this reason, Dr. Ver- 
planck stated his reluctance to accept a test possessing only limited validity. 


Dr. Uhlaner commented that the task is not one of either acceptance or rejection 
of a candidate, but of classification of men with regard to the degree to 
which they possess night vision ability. Under these circumstances, a test 
of limited validity is of some use. 


Dr. Crozier commented that his work, under laboratory conditions, had convinced 
him that there is a critical factor in night vision performance which thresh- 
old tests will never reveal. 


Dr. Beck suggested that the Subcommittee might consider not only tests of night 
vision which can be administered individually, but also tests which could be 
administered in groups, such as the test used for anoxia. 


Colonel Rostenberg stated that it is necessary to keep in mind at all times the 
variability which exists in the outdoor situation. Thus, night vision ability 
in the field represents a complex series of tasks. 


Dr. Johnson suggested that the group consider the implications of a test relia- 
bility of only 0.70 in terms of the expected variation in individual abilities. 
Dr. Johnson suggested that, if one specified the visual range among normal 
young men with good day vision, the differences would probably range from 70% 
of normal to 130% of normal range. Thus, if the reliability of the tests of 
daytime visual ability were only reliable to an extent of 0.70, selection of 

_the most acute man in the daytime case would result in certainty only that he 
would not fail below average, but it would not be possible to be certain of a 
better differentiation than this. Dr. Johnson suggested that the same situa- 
tion is true in the case of night vision, and that, therefore, if the Army 
attempts to select the "cateye men,” they could probably succeed in not 
selecting anyone whose night vision ability was below the average, but only 
this degree of differentiation would be possible. 
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Colonel Rostenberg suggested that perhaps the way for the Subcommittee to attack 
the problem would be to re-examine existing tests and to suggest improvements 
if possible. He suggested that it would be unwise to begin the development 
of a night vision test without taking into consideration the background of 
experience of the past tests. 


Dr. Verplanck stated his reluctance to see much further work done on night vision 
tests now available for the following reasons: (1) Further work usually 
means new scoring procedures, and it is, therefore, not possible to compare 
the results with the results already obtained. (2) The more time that is 
put in on the present tests, the less likely it will be that they will be 
changed. 


Colonel Rostenberg emphasized the importance of getting some kind of test which 
represents the best knowledge and experience of vision experts. He stated 
that, during the last war, the need for night vision testing was felt to be 
so acute that various military units made their own tests in order to have 
some kind of selection for night vision ability. Colonel Rostenberg sug- 
gested that tests constructed in this haphazard way might do more harm than 
good. He suggested that the Subcommittee keep in mind, therefore, the 
apparent real need for a night vision test of some kind. 


Dr. Baier suggested that it might be profitable, in order to get the answers to 
some of the Army questions, to direct the attention of the Subcommittee 
specifically to question numbers 7 and 9 in the Army list. Dr. Baier sug- 
gested that, if the Subcommittee feels that the use of outdoor testing 
devices as criteria of night vision performance is invalid, suggestions as 
to alternative criteria would be very much appreciated. Dr. Baier stated 
that the AGO feels it is in the position of having to do something about 
the problem of night vision testing, and that it would like to undertake 
the most fruitful possible development. 


Dr. Sloan suggested that it would be desirable to begin by finding which military 
personnel require good scotopic vision and which do not. 


Colonel Rostenberg agreed that it would be very desirable if someone could make 
such an analysis of military jobs. 


Dr. Verplanck stated that he believed the Subcommittee members had been somewhat 
reluctant to accept the validation studies of the Army night vision tester 
Which have recently been published because the raw data apparantly are not 
available. Dr. Verplanck suggested that he had not seen any evidence of how 
reliable the raw data are. Dr. Verplanck also suggested that the studies 
were run with static targets, and that most of the members of the Subcommittee 
fee] that something which would approximate more closely what a man might 
encounter on patrol would be much more pertinent. Dr. Verplanck also stated 
his belief that it would be necessary to train personnel first in the appear] 
ance of objects at night before it would be possible to run validation studies 
on the night vision tests. 


Dr. Uhlaner stated that the raw data for the validation studies of the Army night 
vision tester are available in Report No. 816, page 8, Figure 4 in which the 
exact distances for each target are given in yards. He stated further that 
the complete data are given in the appendix where correlations are given for 
each target. Dr. Uhlaner stated that this report was distributed to each 


member of the Subcommittee at the last meeting, and that, therefore, it did 
not seem justifiable to state that the raw data had not been presented. 


Colonel Rostenberz stated that he would like to make a second correction for the 
record. The conditions of the outdoor validation studies were established 
on the basis of the judgment of experts working in the field of night vision. 
These persons were the judges who stated that the validation situation re- 
presented a sample of job performance. These men know how an infantryman 
works. He moves; the object does not necessarily move. When the validation 
situation was set up, every attempt was made to set it up to represent a 
criterion of night vision performance as it applies to the Army job. If 
there are any ways in which a more adequate criterion measure could be set 
up, Colonel Rostenberg would very much appreciate the advice of the Subcom- 
mittee as to the characteristics of the situation. 


Dr. Rowland asked whether it was not true that in the validation studies the men 
were not allowed to see the objects against the sky, although in many condi- 
tions in the field they would see the objects in this way. 


Colonel Rostenberg agreed that this was the case, and stated that the reason was 
that an attempt was being made to get standard conditions. It was their 
feeling that men who had had experience would have an advantage over those 
who did not in that they would know enough to stoop down so as to silhouette 
the objects against the sky. 


Dr. Verplanck suggested that the Subcommittee turn its attention to the Army ques- 
tion number 2 concerning whether visual selection should be performed before 
or after night vision training was given. 


Dr. JOhnson suggested a tentative answer to question 2 in this way. He stated 
that he had never heard anyone suggest any good reason why selection should 
be given before training, and suggested that giving the selection test after 
training would make it more reliable; therefore, Dr. Johnson: recommended that 
the answer to question 2 be that selection should be given after training. 


Dr. Verplanck called for discussion of Army question number 5. He stated that, in 
his opinion, no test is recommended in the event of mass mobilization. 


Colonel Rostenberg suggested that the Subcommittee would do well to review the 
data that exists in terms of reliability and validity of night vision tests, 
and that this information should be reported to the next meeting of the Vision 
Committee rather than that the Subcommittee should make off-hand judgement of 
the feasibility of night vision testing. Colonel Rostenberg stated that it | 
would be very useful to get together the facts which would place the tests 
now available in the proper perspective. 


Dr. Sloan stated her belief that it is not possible to compare tests in which dif- 
ferent subjects are used and which are given in different places. 


Colonel Rostenberg agreed that this might be true, but suggested that this should 
be pointed out. It was his belief that, from a study of the relative value 
of such tests, new concepts might arise. 


Dr. Scobee commented that the problem apparently facing the Subcommittee on Night 
Vision was very similar to the problems which had faced the Vision Committee 
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in the past. It is never possible to develop an ideal test. The academic 
members of the Vision Committee will always be somewhat dissatisfied because 
this is the case. Yet the military members of the Vision Committee who are 

in administrative positions have to have the best possible test. The most 
practical action that the Vision Committee can take would appear to be to 
summarize the advantages and disadvantages of various tests and then to accept 
some practical compromise as the most feasible test. This is the kind of 
problem which the Subcommittee on Visual Standards faced, and this is the 
kind of answer which it gave. Dr. Scobee suggested that the same kind of 
approach might prove entirely possible for the Subcommittee on Night Vision. 


Colonel Byrnes stated that, in his opinion, the people who have had the most 


experience with night vision testing are the most discouraged. The Air Forces 
has had a lot of experience with it, and the experience has all been unsatis- 
factory. 


Dr. Verplanck asked whether Colonel Rostenberg had any evidence as to what would 


happen to the administration of the ANVT-R2X when it is put to the test of 
use in the field. 


Colonel Rostenberg replied that there was some evidence concerning this point. 


One of the earlier models which was not as well perfected as the ANVT-R2X 
was used on a portion of a battery of artillery men. These men were studied 
for over five months, during which time a great many night vision tests were 
administered to them so that they were entirely sophistocated. This parti- 
cular group of men took a whole battery of tests, and the reliabilities 
obtained ranged from 0.70 to 0.87. Subsequently, the testing equipment was 
turned over to a battery of 70 officers and men. Testing this group was not 
done by sophistocated testing personnel. The members of the battery were 
simply shown the equipment and they administered it themselves up in the attic 
of their barracks. They tested the personnel as well as they could over a 
period of weeks. The raw data was made available to Colonel Rostenberg, and 
it was found that there was a test-retest coefficient reliability of 0.77. 
Colonel Rostenberg emphasized that he was not present at the testing of per- 
sonnel at all, but that the testing was left in the hands of the battery 
itself. At Camp Blanding the test was administered by truck driver examiners 
on examinees who had been trained in night truck driving from five months to 
2 years. All these men had had a great deal of experience in the field, but 
were new to the night vision test itself. Test-retest reliability was at the 
very lowest 0.70. Colonel Rostenberg stated, in conclusion, that he believed 
that it was possible to get reliability coefficients in the high 70's with 
entirely unsophistocated examiners and examinees. Colonel Rostenberg stated 
that the raw data are available for study. 


Dr. Verplanck stated that this kind of evidence was not exactly what he had in 


mind. He stated that Colonel Rostenberg's data were obtained by men who were 
in the course of training and that there was high motivation under these 
circumstances. Dr. Verplanck expressed concern over the reliability of the 
test when administered, as a matter of course, by someone who is bored with 
his job. 


Dr. Sloan asked whether it was not true that the Eastman night vision tester must 


be considered a mechanical failure. She suggested that it has the advantage 
of being able to test 8 persons simultaneously. She asked whether thought 
should not be given to removing’ sme of its defects. 
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Colonel Rostenberg expressed his belief that the Rasmae: test has a lot of merit 
to it. 


Solonel Byrnes stated that the Eastman is a good instrument, but that experience 
with it during the war was not satisfactory. 


Colonel Rostenberg commented that none of the instruments available are satisfac- 
tory, but that this is the situation throughout all military instrumentation 
problems. The available instruments do require modifying, but it is not 
customary to give up, but rather to do what can be done to improve the instru- 
ment, Colonel Rostenberg again requested the Subcommittee to suggest means 
of improving the available night vision tests. 


Dr. Verplanck suggested that the Subcommittee consider the Army question number 6 
concerning possible approaches to be used in long-term research leading to the 
development of a more adequate night vision test. 


Dr. Johnson said he believes that the Subcommittee could agree that one good ap- 
proach would be for the Army to attempt to find jobs which involve good night 
vision, to attempt to get a reliable scoring procedure for evaluating per- 
formance on these jobs, and then to validate various night vision tests against 
job performance. 


Dr. Verplanck asked Dr. Johnson whether he would suggest that this kind of approach 
be used immediately rather than to devote time to testing the reliability of 
night vision tests under conditions of special administration. 


Dr. Johnson agreed that, in his opinion, the long-range job should be started imme- 
diately, and no time devoted to any short-time project. 


Colonel Rostenberg stated that the Army felt strongly that an attempt should be 
made at the present time to achieve something usable in the way of a night 
vision test. The Army would appreciate advice of the Vision Committee which 


might lead to a more reliable and more valid night vision test for immediate 
USE >o 


Dr. Uhlaner emphasized Colonel Rostenberg's point. He stated that the AGO was 
anxious to get the best advise it could from the Subcommittee concerning 
design of research studies which would result in a more adequate night vision 
test than is now available. Dr. Uhlaner stated that the AGO cannot expect to 
have the same degree of knowledge of visual phenomena which is present in the 
Subcommittee. The AGO personnel do, however, have familiarity with psycho- 
metric techniques and it would seem that advice from the Subcommittee would 
permit the AGO to get a little closer to the ultimate goal. Dr. Uhlaner 
commented on the project study which has been set up to investigate the effect 
of training on night vision testing scores. He stated that the ANVT-R2X was 
selected as the test of night vision ability in the absence of any definitive 
statement from anyone as to what night vision test to employ. Dr. Uhlaner 
stated that, since the primary job was to study theeffects of training, it 
might not make too much difference which night vision test was used. 


Dr. Beck asked whether in the AGO studies it would be possible to compare the scores 
made by a subject on one day and on a second day. 
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Dr. Uhlaner stated that this kind of result was not expected. They planned, 
rather to put the examinee through one test and then through a second under 
a different experimental condition. 


A comment was made from the floor concerning the attitude of the British Air Minis-~ 
try toward the problem of night vision testing. It was stated that there 
seemed to be two basic questions which the Air Ministry at least wanted ans~ 
wered which were: (1) Are there individual differences in night vision 
ability? and (2) Is night vision ability trainable? It was stated that 
there seems to be great danger of “overstepping the mark” by looking for a 
degree of refinement which is not necessary at first. The simplest difference 
would be a dichotomy between the good and the bad candidates. It was stated 
that, although there is considerable reason to be concerned with a job analy- 
sis, there are cases in which it is not feasible to make a job analysis. For 
example, if one considers night fighter pilots, it is a bit difficult to make 
a job analysis of this activity. As an alternative, it is possible to clas- 
sify people on the basis of a score on some test, and then ascertain to what 
extent its scores relate to eventual success or failure on the job. 


Dr. Chapanis suggested that a discussion of the Subcommittee might be resolvable 
into such a statement as this: 


The Subcommittee on Night Vision is not in essential agreement on the basic 
factors necessary for intelligent recommendations concerning night vision 
testing and training programs. It recommends long-range research to provide 
data on the following specific points: 


1. Can reliable performance criteria of night vision ability be devised? 


2. Are individual differences in night vision ability stable over periods 
of six months or a year? 


5. Can tests be devised to correlate with these performance scores? 


Dr. Verplanck appointed a Sub-subcommittee consisting of Drs. Beck, Crozier and 
Johnson to attempt to draw up a consensus of opinion of the Subcommittee 
position with respect to the Army questions. The report of the Sub-subcom- 
mittee is included in the report of the Subcommittee on Night Vision found 
elsewhere in the Proceedings. 
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SUMMARY OF COVMENTS ON 
*PROJECT PLAN FOR A STUDY OF THE EFFECT OF TRATNING ON NIGHT VISION ARTGLTTY” 


H. Richard Blackwell 
Armed Forces-NRC Vision Committee Secretariat 


The subject project's plan of necessity indicates the general problem encountered 
by the Army in connection with the testing and/or training of military personnel 

in order to secure optimum visual performance in night operations. The general 
problem of night vision testing and training is an exceedingly complex one which 
the Subcommittee on Night Vision of the Armed Forces-NRC Vision Committee is at 
present taking under advisement. The AGO project plan indicates the nature of 
the general problem, but makes it clear, it appears to the writer, that the project 
does not attempt to solve all the aspects of the complex problems of night vision 
testing and training. A reading of the comments received from the Vision Committee 
members reveals that several of the Vision Committee members have received the 
impression that the AGO project plan is assumed to provide final answers to all 
aspects of the night vision testing and training problem. With this orientation 
Dr. Riggs feels justified in suggesting that the AGO study should be delayed until 
the Subcommittee planning has been completed. Similarly, Dr. Johnson states his 
convictions about the direction of a general problem of research in the problem 

of night vision testing and training. 


While the comments of the Vision Committee members concerning the general problem 
of night vision testing and training are of interest, in the opinion of the writer, 
they are not entirely pertinent to consideration of the present project plan. | 
Presumably the final report of the Subcommittee on Night Vision will incorporate 
these general views in connection with the over-all plan for research in night 
vision testing and training. 


Dr. Verplanck appears to have appreciated the distinction between the over-ail 
problem and the problem of the AGO project plan. Dr. Verplanck has taken the 
occasion to state his general position with regard to the over-all problem of 
night vision testing and training in Section III of his report attached. Dr. 
Verplanck has also considered the particular problem of the AGO plan. Verpianck 
states that in its simplest form the AGO plan is to study the influence of training 
upon test scores on ANVT-R2X, the Army Night Vision Tester. There is the sugges- 
tion in the AGO project plan that the study under discussion may go further than 
this restricted problem, since the night vision tester is reported to have been 
demonstrated to be a valid index of night vision capacity. It is only fair to 
report that some members of the Vision Committee do not regard the evidence for this 
validity as entirely conclusive, particularly if one is to generalize beyond the 
specific night vision tasks tested to more general performance of night vision 
military duties. Thus, Dr. Imus raises the question as to the conclusiveness of 
the proof of validity of the night vision tester. There is additional question as 
to the demonstration of this matter contained in the discussion of the night vision 
session of the 25th meeting of the Armed Forces-NRC Vision Committee which is 
contained in the Minutes and Proceedings now in press. However, this matter need 
not reflect upon the AGO project plan except insofar as conclusions reached in the 
AGO project are attempted to be generalized beyond the particular test scores 

under study, It may be presumed that the interpretation of results of the AGO 


study will be one of the items which the Subcommittee on Night Vision will discuss 
in its future meetings. 
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The general question of night vision testing and training seems to raise a number 
of important questions. Perhaps the implied opinions of the Vision Committee 
members commenting upon the AGO project plan may be fairly represented by such a 
list of questions as the following: 


I. Questions concerning night vision testing: 


A. Is night vision ability of any sort sufficiently important to the Armed 
Forces to warrant night vision testing efforts? 


B. Since night vision capacity is not a unitary capacity, what night skills 
are of primary significance to the Armed Forces? 


C. What is the value of selection for the critical skills from the standpoint 
of disqualification of available man power? 


D. Which, if any, of these skills demonstrates day to day stability and 
what is the spread of each of the capacities in a military population? 


BE. By what means may each of these skills be measured most reliably, and what — 
is the maximum possible reliability under semi-laboratory conditions and 
under operational conditions? 


II. Questions concerning night vision training: 


A. To what extent are the several significant aspects of night vision ability 
trainable? | 


Bo. How may training best be accomplished? 
C. How does training affect personnel with various degrees of initial ability? 
D. What are the relative merits of testing versus training? 


If we regard the AGO project plan as a plan of an experiment to study the influence © 
of certain kinds of training upon scores of the ANVT, we may consider that the 
results may be expected to have a generality for the over-all problem of night 
vision testing which cannot at present be ascertained. Regardless of the degree 
of generality which will eventually be established, the study must be considered 
a meaningful one viewed from the standpoint of the most limited possible objectives. 
The Army Night Vision Tester is a commonly used test of night vision, and it is 
important to know to what extent this instrument depends upon night vision expe- 
rience of the testees. Concrete svggestions for the conduct of the AGO project are — 
contained principally in the comments prepared by Dr. Verplanck, The suggestion 
that two additional control groups be included in the studies seems to have special 
merit and it is recommended that AGO give this matter careful consideration. In 
addition, the suggestions for experiment details contained in Dr. Verplanck's 
Sections 2-c and 2-d may be found useful in the design of the final experiment. 
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Comments on Project Plan for a Study of the Effect of Night Vision 
Ability (PJ4074-06 PRS/RSCRO 10 Feb. 1950) 


William S. Verplanck 


When the experimental problem has been restated in concre'te and unequivocal 
terms, which can be accepted even by those who remain unconvinced that tests of 
night vision are useful predictors of men's performances under scotopic levels of 
illumination, it reads this ways 


How does special training, when it is given preceding the tests, affect 
ANVT-R2X test scores? 


1 


From the point of view of experimental design, this problem is aptly treated 
from the point of view of Solomon's recent article on control group design. 
This paper points out that the usual single control group is not adequate for many 
investigations of problems of this sort. At least two possibilities remain uncon- 
trolled. 


(a) that the pretesting procedures themselves modify the effect of training. 


(b) that uncontrolled factors, other than pretest and training procedures may 
alter test performance on the post-test. 


The usefulness of the first control is indicated in research results cited by 
Solomon, in which the data show clearly that the administration of a pretest actually 
reduced the effectiveness of the training procedures. In the present instance, the 
use of a pretest procedure is very likely to reduce the "effectiveness" of training 
procedures, With night vision tests, such as that to be used to evaluate the 
effect of the training procedures in the proposed experiment, it is the experience 
of the writer that the two "pretest" administrations should provide all the training 
the average service man can use: performance on the test will just about reach its 
final value after two preceding tests, so that the special "training procedures” 
will show no important further effect. For this reason, I, for one, will remain 
quite unconvinced if the results of the experiment here designed show little or no 
effect on test scores after five periods of training. The addition of another 
control group (Solomon's Control Group II) which receives no pretests, but only the 
special training, and the post=-tests, will aid considerably in the interpretation 
of the results obtained. It will have the further advantage of indicating what 
might be expected if a training-testing sequence were followed regularly. 


A second added control group (Solomon's Control Group III) which would re- 
ceive two test administrations over the same period of time that the other three 
groups are receiving their 'post-tests', and nothing else, should provide a very 
useful control on the great possibility that the subjects in the non-training group 
(Control I) will discuss the special training the others have been getting with 
them, and will consequently pick up a good bit by hearsay, and the lesser possi- 


*Solomon, Re Le, the extension of control group design. Psychol. Bull., 
1949, 46, 137-150. 
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bility that common dietary or other changes may affect members of all Groups > 
Such a group will also provide valuable data on the reliability, under conditions 
comparable to those under which the experiment is being run, of the ANVT-R2x test 
SCOreSo 


It is, then, urged that at least one, and if it is possible, two, additional 
control groups be added. 


II 


(a) The two week interval between tests III and IV is noted with interest 
and satisfaction. This interval will aid considerably in the interpretation of 
results, especially if control Group III is added. 


(b) One question which may be raised concerns the training procedures. Not 
many who have concerned themselves with problems of night vision training have 
seriously considered that training on a particular testing device might be a neces- 
sary or even a useful part of a training procedure. Certainly, such specific 
training will improve the performance on the test if the first two administrations 
of the test are not sufficient to produce optimal test performance. It goes without 
saying that such specific training makes completely pointless the addition of con- 
ventional shadowgraphic training procedures. In any event, the confounding of the 
two training procedures will make quite restricted, once again, the possible inter- 
pretations which may be given to the results of the experiment, whether they are 
positive or negative. 


(c) Another problem relates to the statistical procedures to be followed. | 
It is very doubtful indeed that all distributions of test scores obtained will be | 
normal, In fact, the probability that they will be skewed is quite great. The 
statistical analysis then, should be planned so that non-linear coefficients of 
correlation and tests of significance may be employed if the distributions prove 


to be skewed. | 


(d) Other questions deal with experimental details. They include: 


(1) The brightness of the stimulus patch should be measured from the 
angle of view of each subject. This is important. | 


(2) The position of the subjects should be systematically shifted from 
test to test, and from training period to training period. 


(3) The position (right, down; left, up) of the acuity target should be 
randomiy* varied throughout the testing and training periods. The same sequences 
should not be repeated, even though a single sequence is specified for the test. 
The learning of specific response sequences must be made quite impossible. 


Lat 


The final question to be raised has to do with the interpretation of the 
experimental resluts. If they are to be useful, they must be part of a larger, and 
well-planned program. Standing alone, as designed, the results will support no 
conclusions whatever with respect to the relative merits of various combinations 


*By means of a table of random numbers. 
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of training and testing, for the reasons stated above. If it is redesigned, a 

few possible conclusions may be reached with respect to the effect of certain kinds 
of training on ANVT-R2K test scores, and nothing else. There will be no. basis on 
which to establish a policy with respect to night vision testing and training in 
the Armed Forces. Before such a policy, which may involve great effort, is adopted, 
it will still be necessary to: 


(a) identify the actual military performances requiring good visual skills 
under low (scotopic) illumination. These do not, for example, include "map 
reading." 


(b) determine the value of selection for these skills, from the point of 
view of manpower. How many men can we afford, for example, to disqualify from . 
each of the performances? How much are they worth in terms of the personnel, 
space, and equipment required for selection and training? 


(c) determine the effectiveness of various training procedures in improving 
performance on the significant skills. 


(ad) determine the stability of performance: are some men consistently 
better or worse than others, over long periods of time? 


(e) if performances are stable, assemble a battery of tests predictive of. 
the performances (one or more of one which might be tests like ANVT-R2X. ) 


(f) try the test-battery out under field conditions. Can it be satisfac- 
torily administered outside of laboratories? 


In closing, let me state that I hope that the additional control groups 
suggested will be added, and that the experiment will be run, with suitable 
liaison with peOple who are specially trained in visual research, such as Drs. 
Chapanis or Sloan, who are handily located in Baltimore. The data should prove 
most informative to all. 


Comments on 


"Pro ject Plan for a Study of the Effect of Training on Night Vision Ability" 
| (PJ 4074-06 PRS/RSCRO 10 Feb. 1950) 


Lorrin A. Riggs 
General Criticism: 


The proposed experiment appears to be one for testing the effect of transfer of 
training in night vision. The plan of any such experiment consists of (1) initial 
test given to both experimental and control groups of subjects; (2) specific 
training for the experimental group and none for the control group; and (3) a 
retest of both groups. A statistical test of the difference in improvement scores 
is then made to determine whether training has resulted in a definite improvement. 
In the proposed experiment on night vision it should be noted that the testing and 
training are both done on the same instrument, ANVT-R2X. 


It seems to me that the use of ANVT-R2X cannot at the present time be justified 
for the above purpose. The reason is that the experiment as proposed would reveal 
only the extent to which men may be trained to make good scores on this instrument. 
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There is no guarantee that such training wuld carry over to an improvement in 
night vision under field conditions. The above statement would be true even though 
the instrument itself had been validated against night visual acuity under field 
conditions. It is well known that training and transfer of training are highly 
specific to the particular task imposed upon the operator, 


Validation: 


Validation has always been the most difficult problem in testing. I note that in 
the proposed experiment there is no provision for this validation. On page 4 there 
is a statement that "at a later date validation studies will be set up.....based 
upon the findings of this and possibly other studies." This I believe is a rever- 
sal of the logical order of experimentation, since I think there is nothing in the 
proposed experiment which could be used as a guide for the necessary studies of 
validation. With respect to the validity of ANVT-R2X as an instrument of testing, 
it is true that a beginning was made by Colonel Rostenberg in his night vision 
studies at Fort Sill and Camp Blanding. Although satisfactory validity was shown 
in some of these tests, it should be noted that the data were secured over a very 
short period of time. There is some experimental evidence that night visual acuity 
varies significantly in one individual from day to day and from week to week. 
During World War II there was further evidence for this phenomenon in certain of 
the centers for night vision training and testing, notably the one under the direc- 
tion of Dro Evelyn in the Canadian Air Force and in the studies of the Medical 
Research Laboratory in New London. The practical importance of this situation is 
that a man selected for excellence in night vision at one time may be no better 
th narerage at another time, and a man designated as of average acuity may be 
significantly below average at a later date. A simple expedient for handling this 
situation might be to use three or four men for every important lookout operation. 
It is likely that any three men will turn in a better performance than one person 
selected on the basis of tests. 


Planning of the Project: 


It seems to me most important that experiments such as this should be designed by 
men who have had experience with similar problems in the past. Such men as Hartline, 
Evelyn, Miles and Verplanck contributed greatly to our knowledge of this problem 
during World War II. Some of them, together with Colonel Rostenberg, Captain 
Shilling and Colonel Byrnes and others have been discussing problems of selection 
and training for night vision in a Subcommittee of the Armed Forces-NRC Vision 
Committee. This Committee plans to meet and to render a report May 26827. It 
would seem wise to wait until this time before deciding on ane xperimental program. 
It would also seem wise to give a good deal of weight to the opinion of these men 
as to the feasibility of evaluating procedures of testing and training. 


In the meantime, some preliminary suggestions which might be considered are as 
follows: 


(1) The problem of validity would seem to be more important at this time. If 
no procedure is presently available for testing the effectiveness of training 
under field conditions the project should either be abandoned or centered 
upon development of such a procedure. 


(2) Any experiments with an ANVT-R2X should certainly be evaluated in terms 
of results under field conditions rather than test scores on this instrument. 
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(3) Whatever test scores are used, a professional psychologist should super= 
vise test administration. Scoring should be done by independent workers 
having no knowledge of the experimental design. Experimental subjects should 
be handled in such a way as to maintain high motivation without opportunity 
to discover whether they are being used as control or experimental subjects. 


(4) The testing procedures should be repeated several times over a period 
of weeks so as to give evidence of any long term shifts in night visual acuity. 


In conclusion, it is my opinion that the experiment as outlined would not help to 
decide the fundamental questions of whether (1) men can be selected for night 
visual performances in the field, or (2) they can benefit from training, or (3) the 
expense Of mass training is justifiable. * 


Comments on 


"Project Plan for a study of the Effect of Training on Night Vision Ability" 
(PJ4074-06 PRS/PSCRO 10 Feb. 1960) : 


Eo Parker Johnson 


The plan of this project seems adequate for what is called, in Sec. I the “specific” 
object of the study: ah a 


"To determine the relationship between initial and final 
scores on a standard test of scotopic visual acuity ooo: 
(1) when no training is given, and (2) when ... training 
sessions on the (test) are interspersed between the 
initial and final testing.” 


It should be possible to evaluate the amount of learning and to note whether it is 
general or whether it is confined to certain individuals. There is available 
information on learning between the 2nd and Srd administrations of other tests of 
night visual acuity, In general it has been found not to be very great. There 
is much mcre between the lst and 2nd. It is doubtful. that PRS will find much effect 
from its special training. The test situation is specific, its problems are 
mastered by most men within the first two sessions. 


From their experimental program, I am led to wonder whether PRS has succumbed to 
the fallacy that the value of night vision training can be determined exactly by 
demonstrating how much it does, or does not, improve test-scores. By judicious 
selection of one’s tests one can prove anything at all. With light-threshold 
measures, uSing fixation-points, etc., improvement will be nil. On the other 
handone can easily demonstrate phenomenal “improvement.” There are any number of 
ways to set up a night-vision performance test in which the man who “doesn’t know 
the score" will fail completely. | 


What the Army needs to know = and hasn't found out yet = is how much the training 
may help soldiers in real situations, situations like those listed in passing in 
Sec. II of the Project Plan. The initial performance of men trained for these jobs» 
but lacking night-vision training, must be evaluated and compared with performance 
after pertinent training has been administered. 
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The Project Plan outlines the primary object of its study as follows: 


"3 .. to evaluate (several) approaches that can be considered in 
the selection of military personnel with respect to night vision 
ability.” 


This "object" seems a little on the ambitious side. Where one would want to see 
numerous data on validity one finds the ANVT-R2X test insinuated with the claim 
that "... the Army Night Vision Tester o.. is valid for predicting performances 
of critical military tasks involving night vision ability." This claim must be 
disallowed. It is, in fact, implicitly rejected in Sec. II of this Project Plan 
where there is mentioned the necessity for carrying out validation studies using 
other visual tasks than those of the Sills-Blanding Studies. 


The procedures which have been selected for evaluation are these: 


Procedure 1. Give everyone ANVT=R2X test, with a few basic instructions 
regarding the taking of the test but without any night vision training 
either before or after the test. Scores on the test would be used for 
classification purposes. 


This poses immediately several questions: 


Q. 1. Does night-vision training give a soldier anything useful? (By 
calling for no training, Pol. implies that it does not.) 


The need for research on this question has been treated in Para. 4 of 
this review. This project cannot throw light on this question. 


Q. 2. Are the differences among soldiers sufficient (and are current testing 
procedures sufficiently valid to warrant the expense of testing)? (The 
answer would have to be yes for P.1. to remain under consideration. ) 


It is hard to see what the present project might contribute toward an 
answer to this question. There are, in the literature, some facts about 
the normal spread of visual acuity = or the visual range required, at 
night, for target detection and identification. There are also data 

on the validity of tests, including the ANVT-R2X as checked against one 
type of field-situation. To answer this question completely, one would 
want to know, in addition to facts about night vision, something of the 
visual tasks - and who is going to be asked to perform them. We might 
easily decide that really precise testing was too expensive for routine 
use, though it could be used occasionally to pick out a few "specialists.™ 


Qo 3. Might a little night vision training, prior to the test, "pay for 
itself" in increased validity of the test results? 


Here again we have a validity problem, not touched in the project as 
planned. | 


Procedure 2. Give everyone night-vision training of a sort described in 
Sec. IV-C of the Project Plan. Give no test. 


Implies Q.lo, above, to be answered yes, Qo2e -no. It has already been 
pointed out that the answers to these two questions are not going to be 


found in the data. 
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Procedure 3. The statement of this procedure is a little ambiguous. There 
are two interpretations which I shall treat as separate procedures: 


3-a. Test everyone with ANVT-R2X and select a certain number (few?~ 
most?) for training, with the purpose of improving them further. 


This assumes Q.lo = yeS, Qo2o0 = yes, raises also the following 
questions: 


Q.4. Does night-vision training help the "good" men while proving to be 
nothing but a waste of time for the poor? ... Or have we decided that we 
only want to train a few specialists and are willing to let the rest go 
without the benefits of this same training? (One of these lines of 
thought must underlie 3-a.) | 


The second part of this question is a policy matter not to be settled 
in a research project. The first part might find itself a tentative 
answer in the results of this project. Past research, however, has re- 
gularly shown that (as in most other skills) the ones who will benefit 
most from practice are those who get off "on the wrong foot™ with low 
initial scores. 


S-b. Test everyone, recording the scores for purposes of classification. 
Then give everyone training, but with no further tests. 


Procedure 4. (Briefly mentioned) Give training ( presumably same training 
as in P's 2, 3-a, and 3-b) with a test at the close for selection and 
classification.of the meno : 


P's. 3-b and 4 assume answers to Q.1 and 2 “yes” 


Here there arises only the minor problem of the order of presentation: 
test-train? or train-test? Common sense would suggest train-test, at 
least until proper studies of the validity of pre- and post- training 
tests were made. 


Questions 1 and 2 are obviously the "$64.00 questions." Until these are proper- 
ly tackled, questions about the advisability of choosing among these several 
“procedures” = cannot receive sensible answers$ 


Comments on 
“Project Plan for a Study of the Effect of Training on Night Vision Ability" 


Henry Ao Imus 
"oo o the only question I have concerns the statement in lines 3 and 4 of page 
3, “the test was found to be reliable and valid,” etc. Rostenberg's report did 
not make clear the scoring system and the validity of the criterion used, nor did 
he state how the coefficients of correlation were obtained . .. ”™ 
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Minutes and Proceedings of the Meeting 
of the 
Subcommittee on Visibility and Atmospheric Optics 


May 26, 1950 


The following were present: 


1. 


Dro 
Dro 
Mr. 
Dr 
Mr. 
Dr. 
Mr, 
Dr. 
Dr. 


Mr. 
Mr . 
Dr. 
Mr. 


The Chairman called for progress reports on research programs being undertaken 


E. 0. Hulburt, Chairman 
H. Richard Blackwell 

F. C. Breckenridge 

H. So Coleman 

Charles A. Douglas 

S. Q. Duntley 

W. E. Ke Middleton 
Lorrin A. Riggs 

Richard Tousey 


Jacob L. Barber 
Adolph H. Humphreys 
Deane B. Judd 

C. S. Woodside 


in visibility and atmospheric optics. 


Status of the University of Texas 
Atmospheric Optics Program 


Howard S. Coleman 
University of Texas 


An experimental study, based largely on recommendations and 


suggestions by this group, dealing with the limitations imposed 


by 


the atmosphere on the visibility of objects through it, has 


been virtually completed at the University of Texas. Four general 
conclusions have been drawn from the study. These are: 


1. The apparent brightness contrast of an object is expo- 
nentially attenuated as a function of a distance along a 
horizontal path for allconditions of the weather that 
naturally occurred during the study. These weather con- 
ditions varied such that visibility ranged from 1000 to 
250,000 yds. The total number of individual contrast 
measurements slightly exceeds one million. 


2 The atmospheric particles which are responsible for the 
scattering of light, so far as attenuation of brightness contrast 


is concerned, are larger than air molecules as is evidenced from 


the failure of the scattering function to follow an inverse 4th 
power of the wavelength, even on the clearest of days on which 
the measurements were made. 


3. The study indicated that optical haze (atmospheric shimmer) 
may contribute as much as 50 percent to the total reduction of 
the apparent contrast of an object. 
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4, The same atmospheric attenuation is found by visual 
measurements, photographic measurements, and photoelectric 
measurements. 


There are a number of studies, originally considered in the 
University of Texas Program, which remain to be pursued in the 
Field of Atmospheric Optics. Four of the more important of 
these are: 


1. The details of the physical processes by means of 
which the reduction in apparent contrast of objects by 
the atmosphere are yet to be determined. 


2. Studies of methods of predicting slant range 
visibility need to be made. 


=s Studies of visibility in natural and artificial 
smokes and fogs need to be made. 


4, The production of a satisfactory visibility meter, 
available to all who need such devices, should be 
sedooien 


Mr. Middleton ciaisitond upon Dr. Coleman’ s presentation in the following way. He 
stated first that he is at present engaged in writing a chapter on visibility 
meters and hopes that the analysis he is undertaking will suggest fruitful 
approaches to the design of visibility meters. Mr. Middleton also expressed 
his interest in non-molecular scattering. He stated his belief that there is 
too much attenuation to be the result only of condensation nuclei in the at- 
mosphere. Mr. Middleton expressed his intention of working on the sede ape 
of non-molecular scattering during the coming year. 


Mr. Douglas ereraneed his interest in building and applying visibility meters. He 
stated his conviction that there is no purpose in building visibility meters 
until we have found out what it is we wish to measure. Mr. Douglas suggested 
that Dr. Coleman's data revealed significant differences in atmospheric at- 
tenuation along air path measured. He stated that, since constant reduction 
is a cumulative affair, non-uniformities in atmospheric transmission are not 
as Obvious as one might expect. For this reason, one is often mistakenly 
led to believe that the exponential law of scattering holds, although a 
differential analysis reveals significant changes in aftemetion along the 
air path. 


Dr. Hulburt stated his pelief that, for practical purposes, visual ranges greater 
than 15 miles are not important. He asked whether any of the group had any 
reason to question the Rayleigh scattering law to apply to unlimited visual 
ranges. 


Mr. Middleton replied that spectral measurements of the absorption of oxygen and 
water vapor are needed in order to provide a correction for the Rayleigh 
scattering law. Mr. Middleton stated his belief that when these corrections 
are made, the Rayleigh law is apparently fully justified. 
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Dr. Duntley informed the group that he is proceeding with the development of a 
scattering meter which is of the "Black Box" variety. The meter is to be 
shown at the Aero Medical meeting in Chicago in June. Dr. Duntley described 
his plans to test the meter during the summer months, 


PRELIMINARY ANALYSIS OF PHOTOGRAPHIC RECORDS OF ATMOSPHERIC SHIMMER 
H, Richard Blackwell, University of Michigan 


Io Introduction 


Members of the Subcommittee may recall that a series of tests were run at 
the Guggenheim Airship Institute at Akron, Ohio, in which photographic records 
were made of point sources viewed through 1 1/16 miles of turbulent atmosphere. 
The original purpose of the Akron experiments was to correlate the results of 
photographically recorded shimmer and physical measurements of the state of the 
atmosphere, the latter measurements to be made by the staff of the*Guggenheim 
Airship Institute. The Guggenheim personnel, under the direction of Dr. P. 0. Huss, 
planned to measure temperature and wind velocity at a number of points above the 
ground in order to compute the temperature and wind velocity gradients. Unfor- 
tunately, termination of the contract which provided for the Guggenheim research 
prevented these measurements from being made. 


Accordingly, the experiments at Akron were conceived as intended to determine 
the relationship between atmospheric transmission for objects exhibiting different 
amounts of shimmer. The direct experimental variable was the physical size of the 
light sources, correlated with which there was a difference in atmospheric shimmer, 
the larger objects exhibiting significantly less shimmer. Both diffusely emitting 
and collimated sources were used. An "opal box" was used, consisting of a uni- 
formly illuminating opal screen 30 inches in diameter which was stopped down by 
means of a series of apertures representing targets from the 3 inch diameter 
circles to 24 inch digmeter circles. The collimated light source was a Navy 24 
imch searchlight, equipped with similar aperture. The searchlight was equipped | 
with a painted low-wattage bulb as the source of light so that the inherent bright- 
ness of the searchlight would be similar to the inherent brightness of the opal 
box. This precaution was necessary in order that photographic sensitometry could 
be performed on the film records which contained images of both the opal box and 
the searchlight. 


In order to relate shimmer to the angular magnitude of refracting blocks in 
the atmosphere, a large L of slimline fluorescent lamps was provided in the imme- 
diate vicinity of the two light sources. Due to shimmer effects, wave-like dis- 
tortions in the fluorescent bars were evident. Use of the wavelength of the wave- 
like distortion in the fluorescent bars as a measure of the angular size of the 
refractive blocks producing shimmer was planned. 


The photographic equipment utilized was precisely the same equipment as that 
utilized in the Roscommon experiments which has been described to the Subcommittee 
previously. In brief, an effective long focal length corrected system formed an 
image on the film of a 35 mm Air Force camera. The film was pre-exposed so that 
sensitometry would be possible even though the sky brightness was effectively zero 
during the experiments, whichwre conducted at night. A calibration was provided 
on each frame by means of an adjacent gray scale. 


The data were analyzed by use of customary sensitometric procedures. The 
variability of measurement was found to be exceedingly large, due to the small 
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amounts of energy reaching the film. It was necessary to take several hundred 
readings of a given condition in order to obtain satisfactory precision. 


II. Results 


Measurements of the transmission of the atmosphere were made for the col~ 
liminated and the diffuse source at each of the following physical diameters: 
3, 6, 12, and 24 inches. These correspond to 0.15, 0.31, 0.61 and 1.22 minutes 
of arc. Transmissions obtained with the searchlight were consistently lower than 
those obtained with the diffuse emitter, although the difference was relatively 
small, of the order of 10% This result is in the direction to be expected. It 
is not possible to compute the expected effect, because the differences were due 
either to secondary scattering or to rather obscure differential effects which may 
occur when large amounts of shimmer are present. 


Measurements were made of transmission both by determining the mtio between 
brightness of the center of the object and brightness of the center of the image 
and by determining the total illumination emitted from the object and the total 
flux in the image within a small region out from the expected edges of the image 
expected in the absence of shimmer. There was no evidence of a significant dif- 
ference between the two kinds of transmission measurements. The results for the 
target sizes may be summarized as follows; 


Angular size of source Transmissions 
0.15 0.54 
0.31 0.51 
0.61 0.53 
1.22 0.52 


These results indicate a significantly smaller transmission for the smallest 
source studied but equivalent transmissions for the other three sizes. This 
result may be expected on the grounds that the smallest source is more greatly 
blurred by shimmer, thus decreasing the brightness of the center and also de= 
creasing the total flux received, since the aperture did not greatly exceed the 
expected physical size of the image. 


Measurements were made for each size target on at least ten separate motion 
picture frames representing a total time of approximately five seconds in each 
case. The standard deviation of the distribution of transmission values for the 
ten frames is a measure of shimmer. In the table below are presented average data 
for the opal box and searchlight representing the magnitude of change in the trans- 
mission computed from the center brightness and the transmission computed from the 
total flux for each of the four target sizes: 


Source Size Brightness Flux 
(Minutes ) Shimmer Shimmer 
0.15 Oo2l Oo22 
0.31 0.14 0.14 
0.61 0.12 0.089 
1.22 0.065 0.092 


These results reveal that shimmer for the smaller sources is larger than shimmer 
for the large sources, which is to be expected. This demonstrates that the shimmer 
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computed from flux measurements is approximately equal to the shimmer computed from 
center brightness measurements. It would appear that flux shimmer 1s apparently 
nearly all due to changes in the brightness of the entire target rather than : 
changes in apparent size of the image of the source. This result would be expected 
if shimmer were caused primarily by "shadowing" of the objective lens due to the 
effect of asymmetric blocks rather than by changes in effective focal length of 

the objective lens due to symmetrical refractive blocks. 


With the second smallest source, 24 frames were measured in consecutive order 
so as to determine whether there was a periodic change present of the order of 
less than one second. A periodic change in both the shimmer computed from center 
brightness measurements and the shimmer computed from flux measurements was found 
to be periodic with a frequency of five per second. 


uae Future Plans 


It is proposed to measure the position of the images of the source in space 
with respect to reference marks located within the camera because it was apparent 
at the time of the experiments that there was considerable separation shift in the — 
sources as a function of time. This kind of change would be expected if asymmet- 
rical refractive blocks existed relatively near the light sources. Examination 
will be made to see whether there is a correlation between the separation and the 
shimmer changes, although such a correlation is not expected if the interpretations 
of the two effects given above are correct. 


Measurements of the wavelength of the wave-like distortion of the fluorescent 
lights will tell us only the angular size of the refractive blocks and cannot tell 
us the physical size nor the physical location of the blocks. It was not possible 
to utilize a telecentric system in order to determine the physical location of the 
blocks in space because the light sources were significantly nearer than infinity. 
It is expected that there .will be a regular relation between the magnitude of the 
wave-like distortions and the extent of shimmer. 


TEMPORAL FACTORS WHICH INFLUENCE THE VISIBILITY 
OF SUBMERGED OBJECTS 


S. Q. Duntley 
Massachusetts Institute, of Technology 


Almost two years ago the Armed-Forces NRC Vision Committee was formally 
requested by the Navy to assist in devising methods for specifying the visibility 
of submerged submarines as seen by observers in aircraft. After consideration by 
the Subcommittee on Visibility and Atmospheric Optics, it was decided that a series 
of preliminary exploratory investigations should be made concerning the physical 
factors which control the apparent contrast of the submerged object against its 
sea background. It was hoped that methods could be devised and instruments invented 
for specifying the state of the sea, the clarity of the water, the state of the 
sky, and the clarity of the air in such a manner that the engineering methods for 
forecasting the visibility of distant objects worked out by the Tiffany Foundation 
and NDRC during the war could be adapted to the submarine problem. For this pure 
pose it was thought that possibly the contrast thresholds obtained by the Tiffany 
Foundation would suffice at least for the purpose of studying trends, although it 
was recognized that additional visual factors might be present which could, sone 
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ceivably, require further contrast threshold experiments. 


Experiments in the field were conducted during the ‘summers of 1948 and 1949, 
and a year-long program of instrument development has been carried out. Although 
a month or more must elapse before the data has been analyzed and final conclusions 
drawn, it seems hopeful that the several optical effects which control the final 
apparent contrast of submerged objects have been isolated, and laws determined 
which relate these effects to physically measureable properties of the water, the 
air, and the sky. Shortly we may have the know-how to construct nomographic 
charts for submarine visibility problems in a form not unlike the nomographic 
charts prepared by the Tiffany Foundation during the war. Before this can actually 
be done, however, proper contrast thresholds must be determined and due considera-~ 
tion must be given to any visual effects encountered in the submarine problem 
which have not heretofore been included as factors in visibility calculations. 


Allowance must be made for field factors which result from the requirements 
for search, from fatigue, distraction, discomfort, vibration, window reflections 
and the like, as well as from the non-systemmatic on-set of stimuli. The effect 
of these field factors is being considered by other investigators, and we must 
rely upon them to advise us concerning practical allowances in specific instances. 


There is, in the case of submerged objects, another optical effect which may 
influence contrast thresholds. The image of the submerged object undergoes re- 
fractive distortions when the light emerges through the curved upper surface of 
the water. Due to the motion of the waves the object appears to change its shape, 
its size, and its flux content with great rapidity. Thus the visual task required 
of the observer searching for a submerged submarine differs from that imposed, for 
example, upon an observer searching for an aircraft in the sky. The effect might 
be likened optically to shimmer or atmospheric boil, but it is orders of magnitude 
larger in effect and differs in detail. 


Early in our investigations it was discovered that the action of the surface 
of the water is such as to leave the boundaries of objects sharply defined after 
distortion. That is, there is no blurring of the edge from the standpoint of 
geometrical optics. This is contrary to the visual impression which one often gets 
when observing a submerged object of high contrast, but the effect of blurring is 
subjective. This may be illustrated by two slides which some of you saw last 
spring at a meeting of the Vision Committee. The first photograph shows a rect- 
angular white panel ten feet beneath the surface of the water. The camera was 
thirty feet directly above the surface of the water at a point exactly above the 
target. As we view this picture, therefore, we should consider ourselves looking 
vertically downward through thirty feet of air and ten feet of water at this tar- 
get. A wind velocity of approximately seven knots was causing small short waves 
4 or 5 inches in amplitude to pass across the surface of the water. The time of 
exposure was 1/25 of a second. The edges of the target appear to be slightly 
blurred and this is not unlike the visual effect which I received at the time I 
took the picture. In the second slide, however, the time of exposure was reduced 
to 1/200th of a second, all other conditions being the same. You will note that 
the boundary of the target appears to be sharp, although this boundary is distorted. 
In this photograph the target is much larger than the waves so that it is still 
recognizable as a roughly rectangular form. As the ratio between wave size and 
target size increases, more drastic distortions are encountered, until, as we shall 


show in the motion pictures, it becomes impossible to say very much about the shape 
of the target. 
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Since the refractive distortions produced by a water surface vary rapidly with 
time, the only way in which these distortions can be recorded andstudied is by 
means of motion picture photography. I propose, accordingly, to exhibit some 
motion pictures which represent samples of some of the films which were made re- 
cently in order to permit a statistical study of distortion effects. 


Before exhibiting the motion pictures, however, a few words should be said 
concerning the surface of water and the optical effects which it produces. 


Water is a liquid of relatively low viscosity in which the forces of internal 
friction are so small that motions of an oscillatory character can take place. 
Since we are concerned primarily with submarines operating in deep water, we shall 
limit this discussion only to the case of deep water waves which occur whenever 
the depth of the water is greater than the length of the wave. The physical laws 
which govern the shape, speed, length and height of waves are changed when the 
depth becomes less than a wave length, but small deep water waves may be exhibited 
on a tank only an inch or so deep. Large deep water waves, such as those of the 
Pacific Ocean, which not infrequently run five or six to the mile, require depths 
of 1000 feet or more for the preservation of their characteristic deep-water form. 
We shall think first of these great ocean waves. Mountainous they are called by 
men in ships when they are overtaken by the violent storms where such waves ori- 
ginate and acquire their energy. Self-maintaining for great distances such waves 
travel at almost mile a minute speed. Even after they have lost their crested 
form and hissing tops from the drive of the wind, and have reached regions of 
calm air hundreds of miles away, as a ground swell, they still may be 100 feet 
high and as much as 800 feet from crest to crest. 


Anyone who has had occasion to swim in deep water waves knows that the move- 
ments of the water which constitutes the waves are both vertical and horizontal. 
Water waves are at ons and same time both transverse and longitudinal. The crest 
carries the swimmer up and forward; in the trough he sinks down and is pulled 
back. Furthermore these two components are not in phase. When one's upward 
velocity has ceased on the crest one's forward velocity is the greatest. At the 
lower part of the trough one has ceased to drop but the backward pull is greatest 
there. Ag to the form of the wave one knows that the crest is a relatively narrow 
uplifted region and that the trough is broad and much more extensive. 


The driving force of a great wave is the weight of the tons of water it con- 
tains lifted above the general water level. Both the vertical and horizontal 
components of the motion are simple harmonic motions of equal amplitude with a 
phase difference of 90 degrees. The sum of two such motions is a uniform circular 
motion. This, then, is the motion of the individual water particles as the wave 
passes over them. The radius of the circular motion is greatest for water particles 
at the surface of the sea and decreases rapidly with depth. For exampis, the 
circle is reduced to roughly half diameter at a depth of 1/8 of a wave length 
below the surface, and at half a wave length below the surface the circle is only 
1/25th as great as at the surface. Submarines do not have to travel very far 
below the surface to be ina region quite free from the effects of surface waves 
except when the seas are mountainous. 


The waves which we have described thus far are often called "eravity waves” 
because it is the gravitational force on the lifted water that maintains the wave 
motion. It can be shown that the velocity of such waves is proportional to the 
Square root of their wave length, so that as the wave becomes longer it travels 
more rapidly. An ocean ground swell having five waves per statute mile travels at 
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a speed of approximately 50 miles per hours 


When the waves on the surface of deep water are comparatively small, however, 
with the wavelength the order of a centimeter, the forces that propel them are no 
longer due to their weight, this having become negligible. It is surface tension 
forces that are responsible for the propogation of such very small waves. These 
surface tension waves or capillary waves as they are often called, are also 
called ripples. Capillary waves impart a very much more curved surface to the water 
surface than do gravity waves. The velocity of these waves is inversely propor- 
tional to the square root of their wavelength. Whereas gravity waves decrease in 
speed as size diminishes, capillary waves decrease in speed as size increases. 

It is interesting to note that waves somewhat larger than a centimeter are due 
in part to gravity forces and in part to surface tension forces. There must be, 
for example, a wave length at which wave speed is a minimum. This minimum speed 
is found to be possessed by waves having a wave length of about 1.7 centimeters 
and the corresponding minimum speed is about 23 centimeters per second. 


Whenever the speed of any wave depends upon the wave length, the resulting 
phenomena are called dispersion. The waves are dispersed as they travel with 
different speed. This causes the surface of the water to become very complex, 
and the complexity is heightened, particularly in the realm of capillary waves, 
by the free oscillations of the water surface. Excited by the wind, the water 
undergoes free oscillations in all directions. This oscillation pattern is inde- 
pendent of the direction of the wind. Only the large gravity components preserve 
wave fronts which indicate the direction of the wind. 


The foregoing discussion concerning gravity waves and capillary waves has been 
well known fer many years. Mathematical treatments of the subject can be read in 
advanced books on hydrodynamics. What I have said here today was said merely to. 
provide a background for recording our observations. In order to specify the 
state of the sea in terms of its optical effects, we have developed electrical 
methods for recording the amplitude of water waves and the slope of the water 
surface. Time does not permit me to describe this apparatus. I will merely say 
that a tiny cluster of 9 stainless steel wires is inserted vertically in the 
water and connected through an electronic system to 8 pen-and=ink recorders which 
plos amplitude and 2 components of slope. 


The wind velocity was measured at 5 knots. The amplitude of the vertical 
displacement of the water did not exceed 3 inches, and the slope did not exceed 
20 degrees. The amplitude record shows a much longer fundamental period than 
does the slope record, which of course is proper. 


From an optical standpoint, little significance can be attached to the ampli- 
tude record, water height in itself being of no optical importance. The slope of 
the water surface is important, however, but this cannot be determined from the 
amplitude plot because all components of the wave pattern move with radically dif- 
ferent velocities, It is not meaningful, therefore, to attempt to differentiate 
the amplitude curves. Their only purpose is as an aid in Visualizing from the 
record what the sea looked like. The slope records, on the other hand, are a 
direct measure of the refractive effects which produce the image distortion. 


It is interesting to note that the difference between the slope record taken 


in the direction of the wind does not differ radically from the slope record taken 


29. across the wind. The short record, which it is possible to show on this slide, 
is not long enough to enable statistical conclusions to be drawn. We have found 
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that it is necessary to analyze at least sixty seconds of record in order to get 
statistically reliable information concerning the probability of incidence of a 
given slope. Such statistical studies are being made in large numbers, and it is 
our tentative conclusion that there is no statistical difference between the slope 
pattern with the wind and across the wind. 


It appears reasonable that there is a direct correlation between space and 
time in these wave patterns. That is to say, a statistical study of the occur- 
rence of a given slope at the point where the electrodes are inserted in the water 
can be interpreted in terms of the percentage of the area of the entire water 
surface which has this given slope. Our statistical studies of these records 
indicate that the area of the water surface having a given slope Z can be repre- 
sented by a symmetrical two-dimensional Maxwell-Boltzman distribution of the 
form ae 

at pele | 
The constant h in this distribution is then a specification of the optical state 
of the sea, and from it we have been able to calculate the reduction of contrast 
due to the refractive effects and due to the reflection of the sky. It is our 
hope that we can develop an electronic computing attachment for our slope recorder 
such that h may be read directly froma dial. In any event, the sea state can 
always be found by a computational procedure which has been reduced to approxi- 
mately four minutes of concentrated arithmetical effort. After we had developed 
an apparatus for measuring the state of the sea, it was then our desire to make 
a series of motion pictures of properly chosen submerged objects from which we 
could make statistical studies of image distortion in order that they might be 
correlated with the electrically measured slope characteristics of the sea. 


Professor Blackwell was kind enough to visit our field station in New Hamp- 
shire to confer upon the type of objects which should be photographed. His 
experience in connection with studies of atmospheric shimmer gave him some very 
definite ideas concerning the type of target that should be used. The sample ; 
pictures which will be shown today were made entirely at night so that sky reflec- © 
tions were minimized. All targets were self-luminous. This would have been dif- — 
ficult had we been working in sea water, but because we had chosen to conduct our 
experiments in fresh water, it was an easy matter to operate submerged lamp bulbs 
in open sockets and with open wiring. The movies will show 4 different types of 
self-luminous targets. They were, in each case, mounted 9 feet below the surface 
of the water. The camera was stationed directly over the target approximately 
50 feet above the water's surface. Both normal speed movies and slow motion pice. 
tures will be presented. The slow motion pictures were made at a speed of 64 
frames per second so that when they are projected at the normal 16 frames per. 
second the motions will appear reduced in speed by a factor of 4. 


Calm water conditions prevailed during the first set of pictures. The first 
sequence shows a 200 watt bulb operated at normal line voltage. A 3 inch telephoto 
lens was used to give a close-up view of the bulb. In the second sequence an 
L-shaped pattern of bulbs was photographed using a wide angle lens. In order to 
keep track of light from individual bulbs, separate colored lamps were employed, 
and the pictures were taken with Kodachromé film. Before the apparatus was sub= 
merged, each lamp was photometered to insure that it would appear equally bright 
in the Kodachrome picture. Due to a mechanical accident which occurred during the 
launching, some of the bulbs were broken, and it was necessary, because of storm 
and weather conditions, to replace these bulbs quickly with lamps which had not been 
photometered. As it worked out, all but two of the lamps were of satisfactory _ 
brightness, although the color of the red lamp is not particularly prominent. The 
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pattern consists of a bar of 4 lamps arranged horizontally and a bar of 4 lamps 
arranged vertically, the corner lamp being common to each bar. The lamps were 
spaced at intervals of 1, 3, and 7 feet from the common corner. In each bar the 
lamp 3 feet from the corner is nearly invisible in the photographs for the 
reasons just described. This pattern, recommended by Dr. Blackwell on the basis 
of his shimmer studies, was chosen to enable the relative motion of group splatter 
patterns to be studied. It is my hope that following the presentation of the 
pictures Dr. Blackwell will be willing to comment briefly on the statistical 
results which it is hoped to obtain from this particular pattern of lights. I 
shall welcome any suggestions which may accrue from this discussion. 


The third and fourth luminous objects were circular diffusing paneis il- 
luminated from below by clusters of 200 watt bulbs. The larger of the two circles 
was 40 inches in diameter; the smaller 20 inches in diameter. Pictures were also 
made of a third circular panel 10 inches in diameter but these have not been 
included in the film which will be run. The purpose of the picture of the large 
circular panels is to illustrate the types of distortions of an object with a 
continuous edge observed under the specified wave conditions. 


Following the four calm water sequences a second set of pictures show these 
same luminous objects as they appeared on the evening of 13 December when the 
wind velocity was 5 knots and the electrical sea state recorder produced the 
data which was shown on the preceding slide. 


It is proposed to make frame by frame statistical analysis of these and 
other pictures in an effort to correlate the image distortion with the measured 


sea state. If this can be done, the temporal component of the visual stimulus 
can be specified. 


This is not the end of the problem but its beginning, for then and only then 
can one expect to ascertain how visual contrast thresholds are affected by the 
temporal distortions of the image. 


Some of the vision specialists with whom I have discussed this problem have 
voiced the apprehension that the visual effects may be too complicated for prac- 
tical formulation. I cannot help but remember, however, that at the outset of 
our studies of the physical effects which control apparent contrast the problem 
seemed hopelessly complicated. But as time has gone on the puzzle has unraveled 
and simplifying principles have emerged. I cannot but hope that similar simpli- 
fications will be found by those who explore the visual problem, and that the 
forecasting of the visibility of submerged objects will one day be a reality. 


Mr. Middleton described an experimental set-up at the National Research 
Council intended to be used in determining the appropriate value of Epsilon for 
use in meteorological determinations of visual range from measures of atmospheric 
attenuation. Mr. Middleton reminded the Subcommittee of the discussions at the 
Vision Committee meeting in Pensacola (24th meeting) and again in Washington 
(25th meeting). These discussions brought out the apparent discrepancies between 
the value of Epsilon derived from physical measurements of atmospheric transmission, . 
and the value of the limiting threshold contrast of the eye obtained by laboratory 
determination. Mr. Middleton expressed his belief that further discussion of 
possible bases for the apparent large discrepencies would not be fruitful. He 


described his program of research which is intended to explore the matter in the 
most direct possible way. 
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Mr. Middleton described his laboratory set-up in which are located a series 
of visibility marks at known distances. He described a photoelectric telepho- 
tometer with a four minute angle of view which gives him an immediate record of 
the apparent contrast of each of the visibility marks. The telephotometer is 
provided with spectral filters intended to duplicate the sensitivity of the human 
eye so that its measurements presumably yield direct evidence of the visual con- 
trast of the visibility markers at the eye of an observer. The experimental plan 
is for a trained observer to make visibility observations of the sort commonly 
made by meteorologists, utilizing the known visibility marks. At the time of 
each visibility observation, the visual contrast of the marker thought to be at 
the threshold of visibility will be recorded by the photoelectric telephotometer. 
It will then be possible to study directly the contrast of visibility markers at 
the threshold of visibility. It should be possible, from a large series of such 
observations, to establish an average value for Epsilon. 


Discussion by members of the Subcommittee revealed considerable enthusiasm 
for Mr. Middleton's project and complete agreement with his belief that this kind 
of direct attack will be most fruitful with regard to the question of the appro- 
priate value for Epsilon. 


It was suggested that the observer who will be utilized by Mr. Middleton 
should be "calibrated" in the laboratory so as to attempt to further evaluate 
the apparent discrepancies between Epsilon and the laboratory threshold value. 
Mr. Middleton agreed to arrange for transportation of the observer to Ann Arbor 
so that the observer could be “calibrated” in Dr. Blackwell's laboratory. 
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REPORT OF THE SUBCOMMITTEE ON VISUAL STANDARDS 


Richard G. Scobee, M.D. 


Only two items were on thea genda of the Subcommittee on Visual Standards 
for its meeting on May 27, 1950. 


The first was a consideration of the final form of the Armed Forces Visual 
Acuity Test Chart. Two decisions about the chart in its present form were 
reached. 


1. The numerals designating lines of letters are to be printed in red. 


2. There is still not sufficient separation between the numeral designating 
the lines and the first letter in the lines from 20/25 through 20/10. 
The entire line of letters for each size specified (20/25 through 20/10) 
should be shifted 6 mm. to the right. 


The Armed Forces Near Visual Acuity Test Card is satisfactory or will be 
when printed on non-gloss plastic. 


These two acuity test charts -- one for far and the other for near -- are 
submitted to the armed forces with the recommendation that they be used as 
clinical testing charts. 


. The second item on our agenda was concerned with the production of a stand to 
be used for the Verhoeff Stereopter in testing depth perception. The American 
Optical Company has agreed to make such a stand and the Vision Committee would 
like to see it. Dr. Louise Sloan has agreed to test the performance of such a 
stand in her projéct at the Wilmer Institute. It is realized that a stand might 
impair the portability of the Stereopter but on the other hand, the stand should 
have certain definite advantages for use in permanent testing installations. One 
difficulty has been that the flash-light batteries used in the instrument need 


frequent replacement and a stand which connects with house-current would obviate 
this difficulty. 
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Minutes and Proceedings of the Meeting 
of the 
Subcommittee on Visual Standards 


May 27, 1950 
The following persons were present: 


Dr. Richard Go Scobee, Chairman 
Dr. Conrad Berens 

Dr. Henry A. Imus 

Dr. Hedwig Kuhn 

Dr. William Rowland 

Captain C. W. Shilling 

Dr. Louise Sloan 

Dr. John Sulzman 


Dr. Donald E. Baier 
Colonel Victor A. Byrnes 
Dr. Forrest Lo Dimmick 
Dr. Jo Po Gilhooly 

Dr, Kenneth Ogle 

Major Robert A. Patterson 
Capt. John T. Smith 

Dr. Julius Uhlaner 


Dr. Scobee demonstrated the final forms of the visual acuity test charts for clinica 
use, prepared by a draftsman for the Subcommittee on Visual Standards. Dr. : 
Scobee expressed concern with the crowding on the small-letter side of the 
far visual acuity chart. He suggested that, although the space between the 
designating numerals and the first letter in the lines from 20/25 through 

20/10 has been increased, it has not been increased enough. Dr. Scobee sug- 

gested that the last letter in each line could be placed above the visual 
angle notation and not impair visibility, thus providing the space required 
in order to increase the space between the initial letter and the designating 
numerals. Dr. Scobee reported that the reproduction of the letters was 
according to the specifications of the Subcommittee. 


Colonel Byrnes asked whe th er consideration was being given to producing a number ~ 
of letter charts with various arrangements of test letters. The several chart 
would be required in order to prevent memorization of the chart. 


Dr. Scobee replied that nothing has been done about that as yet, but that such a 


change would be easy for the Armed Forces to have made at the time of repro- 
duction of the charts. 


Colonel Byrnes reported his recent experience with a cadet cheating on visual | 
acuity charts. An aviation cadet consistently managed to get at the end of 
a line of examinees and to have the first cadet in the line tell him the 
first few letters in the 20/20 line. Because of this kind of occurrance, 
Colonel Byrnes emphasized the absolute necessity for having more than one 
form of the chart. 
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Dr. Berens commented that the covering of the far chart was beginning to tear and 
chip off. 


Dr. Scobee assured him that the charts distributed to the group were merely photo- 
graphic copies and were in no sense intended to be useable charts. | 


Major Patterson stated that the Procurement personnel were very anxious to begin 
procuring visual acuity charts. He asked when the final recommendations 
could be expected. 


Dr. Scobee replied that, since the arrangement of letters on the small-letter side 
was not entirely satisfactory, it would be several weeks before the final 
form would be available. He stated that at this time the Armed Services 
could go ahead with the letting of a contract if they so desired. 


Major Patterson stated that the Procurement people were entirely ready to begin 
procurement, and that they had been waiting for specifications. 


Dr. Sulzman stated that he had originally thought that the red designating letters 
on the chart would be objectionable, but, in using the charts in his clinical 
practice, it had caused him no trouble at all. 


Dr. Scobee stated his experience with the red designating letters with some 100 
patients as indicating no difficulties. 


Dre Scobee suggested that the Subcommittee next consider the form of the near 
acuity chart. He pointed out that the chart was photographically reproduced 
here, but that it was expected that eventual production would be on a lami- 
nated plastic. There was general agreement by members of the Subcommittee 
that the near acuity chart is satisfactory in its present form so far as 
layout is concerned. 


Dr. Scobee stated that the American Optical Company is interested in making a 
holder for the Verhoeff Stereopter so that the presentation would be at a 
standard distance and so that the instrument would always be vertical. 


Dr. Scobee asked whether the Subcommittee would be interested in having such a 
stand for the Stereopter. He asked further whether the Subcommittee would 
like to have such a stand made available to Dr. Louise Sloan to test in her 
project at Johns Hopkins. 


Dr. Sloan reported that she has been considerably annoyed by batteries running 
down in the present Verhoeff Stereopter. 


Dr. Imus stated that the American Optical Company stand would have with it a stan- 
dard transformer which would plug into ordinary house current, which would 
thus provide a constant source of power to the lamp. 


Colonel Byrnes stated his belief that some type of depth perception test would 
have to be part of the aviation visual examination for a long time. However, 
Colonel Byrnes stated his lack of faith in a Stereopter test. Nevertheless, 
Colonel Byrnes reported that the Stereopter is often used in the Air Force 
when it is available. He stated his interest inseeing the stand for the 
Stereopter tested so that the Air Forces would know whether it might be used 
feasibly. It was the consensus of opinion of the Subcommittee that the Ameri- 
cam Optical Company should be encouraged to produce a test stand for the Ver- 
hoeff Stereopter to be made available to Dr. Louise Sloan for testing. 
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REPORT OF SUBCOMMITTEE ON COLOR VISION 
Deane B, Judd, Chairman 


The Subcommittee met this morning and heard summaries of validation studies 
on the Navy Lantern by Dr. Chapanis, Dr. Sloan, Dr. Imus, and Colonel Byrnes. 
These studies corroborated those reported at the Pensacola meeting, at which 
time it was decided to write a development contract to revamp two instruments 
of the Special Devices model of the Navy Lantern to overcome deficiencies 
revealed by the studies. It was decided this morning to defer approval of the 
Navy Lantern as an adjunct of color vision pending completion of the revamped 
instruments. 
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Minutes and Proceedings 


of the 


\ 


Meeting of the Subcommittee on Color Vision 
May 27, 1950 
The Following were present: 


Dr. Deane B. Judd, Chairman 
Dr. Alphonse Chapanis 

Dr. Forrest L. Dimmick 

Lt. Comdr. Dean Farnsworth 
Dr. Glenn A. Fry 

Dr. Louise Sloan 


Dr. Donald E. Baier 
Dr. Conrad Berens 

Dr. William Berry 
Col. Victor A. Byrnes 
Dr. Mary Collins 

Dr. Jo. Po Gilhooly 
Dr. Henry A. Imus 

Dr. Hedwig Kuhn 

Dr. William Rowland 
Dr. Richard Ge Scobee 
Capt. C. W. Shilling 
Comdr. Harold Smedal 
Capt. John T. Smith 
Dr. John H. Sulzman 
Dr. Julius Uhlianer 


Dr. Deane B. Judd stated that the purpose of the meeting of the Subcommittee was 
to review evidence pertaining to the performance of the Navy color lantern in 
order to consider the appropriateness of recommendations concerning its use as an 
adjunct test of color vision. Dr. Judd called on Dr. Alphonse Chapanis to present 


a report of recent studies of the Navy color lantern, the text of which is pre- 
sented below: 


AN EVALUATION OF THE NAVY COLOR VISION LANTERN 


A. Chapanis 
Johns Hopkins University 


This paper reports data on 1082 subjects who were tested with the Navy color- 
vision lantern and with plates selected from four pseudo-isochromatic tests. The 


data speak largely for themselves and I shall be brief in describing the arrange- 
ments under which the study was conducted. 


Subjects 
Roughly 940 of the subjects were pupils at the Roland Park School? in Balti- 


I, in this connection 1 want to express My appreciation to Mrs. Me GO. Stevenson, 


Principal, and Mr. C. N. Cramer, Superintendent, for the splendid cooperation 
given me in the use of time, facilities, and students. 
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more. The students ranged from 9 to 16 years of age and were taken from the fourth 
grades through the junior high school levels. Virtually every pupil between these 
levels was tested so that this is, presumably, a reasonably random sample of chil- 
dren. About 100 of the remaining subjects were male college students in my course 
in elementary psychology at the Hopkins. An additional 50 examinees were staff 
members and individuals who applied for employment in the Psychological Labora- 
tories at the Hopkins' Institute for Cooperative Research. These persons ranged 
from 14 to 56 years of age. 


| 


Administration of the Navy Lantern 


The tests were administered in four different rooms in various buildings. 
In all cases, however, the rooms were dimly illuminated although they were cer- 
tainly not dark rooms. In no case did the illumination exceed the 30-foot candle 
specification made for this test. At the Roland Park School the walls of the 
test room were a light gray-green of low saturation (not exceeding Munsell 
chroma 2). The walls of the test rooms at the Johns Hopkins University were 
Similar in appearance. At the Institute for Cooperative Research, the walls are 
a close approximation to Munsell neutral gray. For the most part (by which I 
mean well over 97% of the tests,) the tests were administered during the period 
of November 1949 through January 1950. 


The lantern tests were always administered first in the test battery. Two 
repetitions of the tests, one following immediately after the other without a 
break, were used. Instructions preceding the tests were as follows, "I am going 
to show you pairs of colored lights with this lantern. The only colors you will 
see are red, white and green. You are to tell me the color of the top light first, 
and then the color of the bottom light. Here is a sample.” Following these in- 
structions, the examinee was shown the red-green pair (combination 1) as a sample. 
If he identified them correctly, the red-white pair (combination §) was shown. If 
the examinee identified this correctly, the examiner said, “That's right” and 
proceeded with the test, 


he If the examinee identified any of the sample lights incorrectly, he was told 
of his error, and the correct colors were identified for him. Once the test was 
under way, the examinee was never told 6f his performance. All color names used 
by the examinee were recorded with no comment and with no gestures on the part of 
examiners. All examiners were carefully trained in these procedures. 


At this point, I should like to emphasize my use of sample pairs of lights 4 
because this will be critical when we come to look at the data. Further, I should — 
like to comment on a statement which appears on Page 97 of the Minutes and Pro- 
ceedings of the 25th Meeting of the Vision Committee. This statement occurs in 
the discussion following the deliberations of the Sub-Committee on Visual Stan- 
dards, and is the following: "Discussion of the technique by which Dr. Chapanis 
administered the Lantern test revealed that the atypical results obtained by Dr. 
Chapanis were a result of instructions unlike those which were intended to be used.” 
I do not know who is responsible for this statement, but I certainly do not recall — 
having made it, nor do I agree to it. If my instructions deviate from those in- 
tended for the test, the deviation is in the direction of conservatism for the 
results I find. What I did was insure that each examinee saw what was meant by 
the words, "red," "green," and "white." If I had not used this technique, I am 


confident that the results would have turned out much more unfavorably than what 
I report here. REN | 
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The Pseudo-Isochromatic Tests 


The barrery of pseudo-isochromatic plates consisted of 20 plates from the 
Ninth Edition of the Ishihara, 15 plates from the Bostr8m-Kugelberg test, 4 from 
the Myerowitz test and 24 plates from my own experimental test. All the tests 
were adminstered under a Macbéth easel lamp. Two sample plates were shown pre- 
ceding the administration of the plates and, if necessary, the examinee was helped 
in reading these sample plates. Following the sample plates, no assistance was 
given the examinee. All leading questions were parried with the question, How 
does it look to you?" When an examinee gave two or more responses ‘to the same 
plate, he was always required to say which one looked "better" or “best” to him. 
Only these “best” responses are scored. | : 


Results 


I present the principal results in 205 tables. I have made several other 
sorts of tabulations, but have not included them in this report. These other 
tabulations are available for inspection, however. With only one exception, I 
have arranged tabulations for the males and females separately and then repeat 
the same tabulation for all subjects together. 


Tables 1, 2 and 3 show the test-retest correlation for the males, females, 
and for all cases together. There are several interesting things to note here. 
(1) There appears to be a reasonably high correlation. (2) Despite the high 
correlation, there are several instances in which an examinee made a perfect 
score on the first test and made errors on the second test, and vice versa. 

(3) Scores on the second administration of the test are in general higher than 
scores on the first administration of the test. 


Tables 4,5, and 6 show correlations between the total score on the Navy lan- 
tern versus the total number of digits read correctly on the pseudo-isochromatic 
tests. There are again several points of interest here. (1) There is a clear 
dichotomy in the scores on the pseudo-isochromatic tests (See especially Table 6). 
Most subjects read 50 or more digits correctly on the plates: some read 41 or 
fewer and there were no cases between these two scores. There is no such clear 
dichotomy in the scores for the lantern test. (2) Many subjects who made size- 
able numbers of errors on the lantern read all or nearly all of the plates cor- 
rectly. (3) Conversely, some subjects who made a perfect score on the lantern 
made sizeable numbers of errors on the plates. 


Tables 7, 8, and 9 show the same data as are shown in Tables 4, 5, and 6, 
but the data are tabulated in greater detail. These tables gre included at the 
recommendation of Lt. Comdr. Farnsworth who felt that it would be instructive 
to know the pattern of failure on the lantern for those subjects who failed the 
lantern but passed the plates. He thought that such a tabulation might show that 
these subjects made no errors on the second administration of the test. His expec- 
tation is not confirmed. 


Tables 10, 11 and 12 show an analysis of errors made on the lantern. Here 
it is clear that the most common error was in calling the red-white lights red- 
green. ‘the next most common error was in calling the white-red pair green-red. 
The next mast common error was in calling the white-white pair white-green. Table 
13 shows a similar tabulation for those subjects who read 50 or more digits cor- 
rectly on the pseudo-isochromatic tests -- that is, for those subjects who were 
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probably color normal. The most frequent color confusions are those already noted. 


Tables 14, 15, and 16 show the data analyzed forage groups. There is some 
indication that the very young boys do not do as well on the lantern as do the 
older boys. This tendency is not so clear in the case of the girls. To see 
whether the findings reported in Tables 1 through 9 would be the same if I took 
only older subjects, I have duplicated these nine tables for those subjects who 
were 14 years of age or older. These constitute Tables 17 through 25. The re- 
sults are essentially unchanged. Some may criticize me for having put the cut- 
off age at 14 years instead of, say, at 16 years. Obviously I was faced with the 
choice of maintaining an adequate sample versus setting the cut-off age at what 
might appear to be a reasonable figure in the eyes of the Navy. I have made 
Similar tabulations for all subjects 16 years of age and older. The conclusions 
are essentially unchanged although the sample, obviously, is much smaller. 


Conclusions 


I shall not attempt to evaluate these findings, but will leave that to the 
Sub-Committee on Color Vision. Briefly, these data show that the test-retest 
reliability of the Navy lantern is high. There are, however, several instances 
of shifts of scores from the first to the second administration of the test. By 
the criterion suggested by Comdr. Farnsworth, it seems clear that people may 
fail the lantern and pass a battery of pseudo-isochromatic tests. 
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TABLE 1 


TEST-RETEST SCORES EARNED ON THE NAVY LANTERN BY 595 MALES 
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TABLE 2 


TEST-RETEST SCORES EARNED ON THE NAVY LANTERN BY 487 FEMALES 
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TABLE 3 


TEST=RETEST SCORES EARNED ON THE NAVY LANTERN BY 1082 SUBJECTS 
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Number of digits correct on the pseudo-isochromatic tests 
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TABLE 4 


CORRELATION BETWEEN THE NUMBER OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO~ISOCHROMATIC TESTS OF COLOR-VISION 
(595 MALES) 
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TABLE 5 
CORRELATION BETWEEN THE NUMBER OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO-ISOCHROMATIC TESTS OF COLOR VISION 
(487 FEMALES) 
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TABLE 6 
CORREIATION BETWEEN THE NUMBER OF. PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO-ISOCHROMATIC TESTS OF si ies VISION 
(1082 SUBJECTS) 
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Evaluation of Navy Color 
Vision Lantern - Chapanis 


TABLE 8 


THE DATA IN TABLE 5 ARE ANALYZED HERE IN GREATER DETAIL WITH THE NUMBER 
OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY ON THE FIRST AND SECOND 
ADMINISTRATIONS OF THE NAVY LANTERN SHOWN SEPARATELY 


Number of pairs correct on the Navy Lantern 


Total 15 14] 13 pA ae ey 8 
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First Test 
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Number of digits correct on 
the pseudo-isochromatic tests 


Towle . 998. S846 4.146.254: 8.6.7.7 oF 487 


121 


Oye” Ft at CE LB et oe te et Eee et uy Tl 2 8 eee eee ee 


Se ee & Sette 3 eee? T 
Lao cee es ee T 
ic 
<: 5 3 
44 T si 
T 
7 
T 
:@ G 
; ee es Get eG, ee 
ST STO, 0 rs Yigg Ls Cc Ore 91S @ @re 2s bre ere 48e], puocces 
T € Ti & E£1S SO UL BiL @ att wie tte eto 4890], I81T a 
49 8TI09 
Tike L OT TT Al ET HT GT OT Le 1Gt Teq01L 


uzrequetT “LAB OU Uo 4OeLI00 sated Jo requny 
ATHLVEVdHS NMOHS NEHLNVI AAVN WHEL AO SNOLLVELSININGY GCNOOHS CNV LSHIdY WHHL NO ATLORMHOO 
GCHTAILNHGL SLHOTI #O SdIVd dO YHAWNN HHL HLEIM TIVE SHELVES NI HHHH CHZATIVNV HAV 9 HIdVL NI Vivd aHb 


LT aT 
¥e-gt 
G2- 22 
62-92 
€£-0€ 
LE-HE 
TH-gE 
Gu-ct 
6n-9n 
€G-0G 


ot 
qo 
rc 
a 
cq 
N 


rea AWO + AM 
eo 
eo 


dd 
8489) OTQemoO.1yOOSsT-opnesd 


ey} Uo 498AI0D S4YTSTp jo tequny 


pa ashe 


-atOommm 


at) 
— 


dad 
rr 
a a 
On 
wr) 


ae 


On 
vr) Ui | 
LN at oe) 
ON aac tN 

My\O 


6 wIdvi 


sTuedsyg - usle,UeT UOTSTA 
JoToO £ASN JO UoTYenT eA 


RacnrTae, a A 
CE ee 
Pea Ay 
c : ; 


Evaluation of Navy Color 
Vision Lantern =~ Chapanis 


TABLE 10 


.. RESPONSES MADE TO EACH COMBINATION. OF COLORED LIGHTS 
IN THE NAVY LANTERN TEST BY 595 MALES 


‘Responses 


RG GR RW RW GW WG ww GG RR. Totals 


Test Colors 


Totals 1257 1270 1184 1175 1155 1205 1121 1172 1171 | 10710 


Test Colors 


Evaluation of Navy Color 
Vision Lantern - Chapanis 


TABLE 11 


RESPONSES MADE TO EACH COMBINATION OF COLORED LIGHTS IN THE 
NAVY LANTERN TEST BY 487 FEMALES 


Responses 


RG - GR RW WR Gv we WwW GG i RR Totals 
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Evaluation of Navy Color 
Vision Lantern - Chapanis 


TABLE 12 


RESPONSES MADE TO EACH COMBINATION OF COLORED LIGHTS 
IN THE NAVY LANTERN TEST BY 1082 SUBJECTS 


Responses 


RG GR RW WR GW WG ww GG RR Totals 


R 


G2 


RW | 2088 | 2164 
, Gr | 6 20841 2164 
Xe § i 
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o 5 
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Pf 3 
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Evaluation of Navy Color 
Vision Lantern - Chapanis 


RESPONSES MADE TO BACH COMBINATION OF COLORED LIGHTS IN THE 
NAVY LANTERN TEST BY 1050 SUBJECTS WHO READ 50 OR MORE 
DIGITS CORRECTLY ON PLATES SELECTED FROM 


FOUR PSEUDO-ISOCHROMATIC TESTS OF COLOR VISION 


Responses 


RG GR RW WR GW owe ow 
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Evaluation of Navy Color 
Vision Lantern ~ Chapanis 
TABLE 14 } 


SCORES EARNED BY 595 MALES ON THE NAVY LANTERN TEST 
DISTRIBUTED ACCORDING TO THE AGES OF THE SUBJECTS 


Number of 
pairs correct 
on the Lantern — 


Age in years 


16 - 66 |. Totals 
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Percent per- 
fect scores 81.0 


Percent perfect 
scores plus scores} 85.1 94.9 92.3 9208 90.0 91.5 
with one error | 


Cone 


Percent 2 or 
more errors 
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Vision Lantern - Chapanis 
TABLE 15 


SCORES EARNED BY 487 FEMALES ON THE NAVY LANTERN TEST 
DISTRIBUTED ACCORDING TO THE AGES OF THE SUBJECTS 


Number of | | 


pairs correct Age in years 
on the Lantern 


| | 
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- Percent o oF | 
more errors 650. f.2 1238 va 6.5 0.0 8.0 
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TABLE 16 


SCORES EARNED BY 1082 SUBJECTS ON THE NAVY LANTERN TEST 
DISTRIBUTED ACCORDING TO THE AGES OF THE SUBJECTS 


en 
eer! 


Number of 
pairs correct — > spans 


ee Toins 


18 120 re 1BL oeo.. +1 fee 120 876 
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more errors 9o1 8.2 
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TABLE 17 


TEST-RETEST SCORES HARNED ON THE NAVY LANTERN BY PA MALES 
14 YEARS AND OLDER 


Number of pairs of lights identified correctly on the first 
administration of the test 


Totals 
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TABLE 18 


TEST-RETEST SCORES EARNED ON THE NAVY LANTERN BY 162 FEMALES 
14 YEARS AND OLDER 


Number of pairs of lights identified correctly on the first 
administration of the test 
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TABLE 19 
TEST-RETEST SCORES EARNED ON THE NAVY LANTERN BY 433 SUBJECTS 
14 YEARS AND OLDER 


Number of pairs of lights identified correctly on the first 
administration of the test 


Totals 
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Vision Lantern - Chapanis 


TABLE 20 


CORRELATION BETWEEN THE NUMBER OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO-ISOCHROMATIC TESTS OF COLOR VISION 

(271 MALES 14 YEARS AND OLDER) 


Number of pairs correct on the Navy Lantern 
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Number of digits correct on the pseudo-isochromatic tests 
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Number of digits correct on the pseudo-isochromatic tests 
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TABLE 21 


CORREIATION BETWEEN THE NUMBER OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO-ISOCHROMATIC TESTS OF COLOR VISION 
(162 FEMALES 14 YEARS AND OLDER) 
Number of pairs correct on the Navy Lantern. 
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TABLE 22 
CORRELATION BETWEEN THE NUMBER OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY 
ON THE NAVY LANTERN AND THE TOTAL NUMBER OF DIGITS READ CORRECTLY 
ON PLATES SELECTED FROM FOUR PSEUDO-ISOCHROMATIC TESTS OF COLOR VISION 
(433 SUBJECTS 14 YEARS AND OLDER) 
Number of pairs correct on the Navy Lantern 
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TABLE 23 
THE DATA IN TABIE 20 ARE ANALYZED HERE IN GREATER DETAIL WITH THE NUMBER 
OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY ON THE FIRST AND SECOND 
ADMINISTRATIONS OF THE NAVY LANTERN SHOWN SEPARATELY 


Number of pairs correct on the Navy Lantern 
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TABIE 24 


THE DATA IN TABLE 21 ARE ANALYZED HERE IN GREATER DETAIL WITH THE NUMBER 
OF PAIRS OF LIGHTS IDENTIFIED CORRECTLY ON THE FIRST AND SECOND 
ADMINISTRATIONS OF THE NAVY LANTERN SHOWN SEPARATELY 


Number of pairs correct on the Navy Lantern 


Total EU) ie Wy f 
Correct 

First Test 
Second Test 


70-73 
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TABLE 25 
THE DATA IN TABLE 22 ARE ANALYZED HERE IN GREATER DETAIL WITH THE NUMBER 


OF PATRS OF LIGHTS IDENTIFIED CORRECTLY ON THE FIRST AND SECOND 
ADMINISTRATIONS OF THE NAVY LANTERN SHOWN SEPARATELY 


Number of pairs correct on the Navy Lantern 
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Dr. Judd called for discussion of Dr. Chapanis' report and consideration of pos- 
sible recommendations concerning the use of the Navy Color Lantern. 


Dr. Sloan expressed interest in the number of candidates failing the Navy Color 
Lantern. She commented that, unfortunately, it is difficult to attach too 
much meaning to the percentage failing the test unless there is some a priori 
basis for a decision of normality versus color deficiency. Dr. Sloan des- 
cribed an analysis of measurements collected with the Navy Lantern. She 
stated that, if one includes those with questionable scores on the lantern, 
8% of the female population tested may be considered as having failed the 
Navy Lantern test. When these are separated, the results are 4.1% failures 
and 3.8% questionable. According to Dr. Sloan, these results suggest the 
presence of too large a number of failures among females which suggests to 
her that the test is failing a large number of normals. Dr. Sloan suggested 

that it would be pcssible to eliminate some of the false failures by lowering 
the passing standard. 


Dr. Sloan commented further that, in such a test as this, errors may be expected 
from those with normal color vision. She suggested that it would be entirely 
necessary to analyze the type of error made by the examinee before diagnosing 
color deficiency. 


Dr. Chapanis pointed out that one very common error involved calling the white- 
white combination as white-green. 


Dr. Sloan suggested that such a response as this might be an error arising from 
sophistocation. The subjects might have expected that they would not get 
White-white and’so attempted to report the most likely combination involving 
a difference in chroma. 


Dr. Judd commented that it would appear that the Navy Color Lantern does not pass 
a number of borderline cases, and further that examinees who are classified 
normal by other accepted tests may fail the Navy Lantern test. Dr. Judd 
commented that this latter result was not expected when the Lantern was dis- 
cussed a year ago. Dr. Judd commented further that it would be possible to 
use the Navy Lantern as an adjunct test in the manner that Dr. Sloan has 
suggested. This probably would involve giving both Pseudo-Isochromatic Charts 
and the Navy Color Lantern, with a proviso that examinees passing both of 
these tests would not need to be tested any further. 


Dr. Sloan stated her belief that a lowering of the passing score on the Navy Lan- 
tern should be considered. 


Dr. Chapanis stated that he believes some difficulty in administering the test is 
due to the instructions which state that miscalling of either or both of the 
pair of lights is considered to be an error. Dr. Chapanis asked exactly what Cdr. 


Farnsworth meant by specifying that retesting is to be carried out if one or 
more errors are made on the original testing. 


Commander Farnsworth explained his intention as follows: If no errors are made on 
the first run, the man should be passed without taking an additional run. If 
an error is made, however, the initial test should be considered a practice 
test, and another test should be administered. Commander Farnsworth stated 


that, since the matter did not appear perfectly clear, the instructions should 
be rewritten. 
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Captain Shilling asked what the nature of the instructions to examinees was. 


Dr. Chapanis replied that the following had been used: "I am going to show you 
pairs of colored lights with this lantern. The only colors you will see are 
red, white and green.” 


Commander Farnsworth remarked that Dr. Judd had an excellent suggestion for altering 
the instructions when given in this manner, Since incandescent white light is 
often called yellow, instructions should make it clear that if the examinee 
uses other color names than red, white and green, the examiner should stop 
the test and repeat the original instructions. 


Dr. Judd suggested that one could tell the examinees that they were going to be 
shown incandescent sources of light with red, green or white filters over 
them. 


Dr. Sloan commented that, in her experience, this type of instruction did not work 
out very well since the people seem not to have gotten used to looking at 
filters. 


Dr. Chapanis suggested that, if the subject responds with some other color name 
than the one indicated, the eximaner could use the following: "No. In this 
test you must not use any other name than red, green or white. Which of the 
three does it look like?" 


Dr. Imus described tests of the Navy Lantern made at Pensacola. He stated that 
some of the people at Pensacola thought the color of the walls in the testing 
room might have affected the results. Accordingly, during experiments this 
spring, the Lantern was moved to another room where the color of the walls 
was green, and it was found that the responses were not apparently altered. 
Dr. Imus reported there was a very good chance that the subject would say 
green-green if the preceding pairs had been duplicate pairs such as white- 
white and red-red. Dr. Imus suggested that either the white-white should be 
eliminated or else a control should be imposed so that the duration of the 
stimulus presentation and the time between presentations would be standard- 
ized. If nothing of this sort is done, the time for responding to the white- 
white pairs is appreciably shorter than the time for the other responses. 

Dr. Imus reported further that, if the passing criterion is reduced to three 
errors, there is a reasonable percentage of failures. For example, tests 
revealed that, with three errors as the failure criterion, 11% failed the 
Navy Lantern and 10% failed the Pseudo-Isochromatic Plates. With 4 errors 
as the criterion of failure, 5% failed the Navy Lantern as against the 10% 
failing the Pseudo-Isochromatic Plates. 


Colonel Byrnes reported on recent studies of the Navy Color Lantern conducted by 
Dr. Ingeborg Schmidt at Randolph Field. 495 persons were tested, including 
434 normals and 61 color deficients. A field test with flares involving the 
firing of 107 colored flares was used as a validation of the test. The study 
demonstrated that the Navy Lantern failed more persons established as normal 
than other tests, and that the correlation with scores on other color vision 
tests was not significant. Results on the color flare test showed that the 
Navy Lantern could not be used to make a clear differentiation among the 
people who could see the flares and those who could not. Colonel Byrnes com- 
mented further that the Navy Lantern was rather easy for color deficients to 


140 RESaerereD 


memorize. Colonel Byrnes recommended that more stimulus pairs be utilized 

in the test, more presentations be given, the white color be improved, and 

the number of red presentations in a series be fixed. He suggested that an 
additional number of stimuli would lengthen the test and thus make it more 

difficult to memorize. 


Dr. Judd asked the Subcommittee if it had any recommendations to make with respect 
to the use of the Navy Lantern as an adjunct test of color vision. I+t was the 
general consensus of opinion that the studies reported by Drs. Chapanis, 
Sloan, Imus, and Byrnes corroborated those reported at the Pensacola meeting, 
at which time it was decided to write a development contract to revamp two 
instruments of the Special Devices model of the Navy Lantern to overcome 

deficiencies revealed by the studies. It was decided to defer approval of 
the Navy Lantern as an adjunct test of color vision pending completion of 
the revamped instrument. 


——>— eet st 
REPORT OF THE SUBCOMMITTEE ON REFLECTION OPTICS 


T. Dunham, Jr., Chairman 


Background 


The possible usefulness of reflection optics for visual instruments was first 
brought to the attention of the Vision Committee in October, 1949, when Dr. Ao 
Bouwers of Delft, Holland, visited this country and gave two lectures describing 
his use of optical systems involving at least two spherical mirrors for visual and 
photographic instruments. The basic principle employed by Bouwers depends on the 
use of a concave spherical mirror to form an image, together with a meniscus lens 
with suitable thickness and surface curvatures to correct the spherical aberration. 
An extensive family of such meniscus lenses is capable of correcting spherical 
aberration, but by suitable selection of curves and of thickness, it is possible 
also to reduce longitudinal and lateral color to very low values without allowing 
much spherical aberration to appear and without the introduction of undue coma or 
astigmatism, Similar systems were devised elsewhere at about the same time by 
Maksutov, Gabor and Bennett. 


One system of particular interest is a modified Gregorian telescope with a 
relatively large concave mirror to form an image which is refocused by a smaller 
concave secondary mirror at a second focal surface located within a hole in the 
primary mirror, where it is accessible to viewing with an eyepiece. A modification 
of this system is a dual-power monocular and binocular telescope with a lens of 
small aperture which can be exposed by removing a concave secondary mirror, to ~ 
serve, with the same erecting prisms and eyepiece, as a low-power finder. Various 
other systems developed by Bouwers include (1) two reflecting microscopes (N.A.o 0.2 
and 0.4) with concave mirrors and lenses to correct spherical aberration, (2) a 
panoramic telescope and (3) aerial cameral lenses which are said to be very pro- 
mising. 


At the request of ONR, seven members of the Vision Committee attended the pre- 
sentations by Dr. Bouwers and submitted comments on the possible usefulness for 
military applications which might be expected from these systems in comparison with 
conventional optics. 


Possible advantages include: Short length, light weight, extremely low axial 
color, simple design for a dual-power telescope, and cameras for wide-field appli- 
cations containing only two optical elements. Disadvantages include: a hollow 
exit pupil for visual instruments, diffraction effects which may be undesirable, 
possible serious scattering of light by mirrors with resulting contrast reduction, 
some light loss in comparison with reflecting systems, mounting problems for mir- 


rors, and servicing problems which include the maintenance of alignment of elements 
with close tolerances. 


Following some discussion of the comments of those who attended Bouwers!' lec- 
tures, it was decided by the Executive Committee of the Vision Committee to esta- 
blish a Subcommittee on Reflection Optics, under the Vision Committee, for the 
specific purpose of carrying out a brief study of the capabilities of meniscus- 
corrected systems and investigating the likelihood that they may have military 
applications. 
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Aims of the Subcommittee 


The aims of the Subcommittee on Reflection Optics have been established by 
the Executive Committee of the Vision Committee as follows: 


1. Preparation of bibliographic summaries and abstracts of 
articles on reflection optics. 


2. Determination of the comparative efficiency of reflecting 
and refracting optical systems by ray tracing methods. 


3. Measurement of the resolving power and scattered light in 
the Gregorian telescope produced by the Bouwers' group. 


Present plans include scouting studies on reflecting systems by several 
individuals. These studies began in February, 1950, and will continue until 50 
June, 1950. As soon as possible after that date a report will be submitted to 
the Vision Committee, outlining the results of the studies and including recom- 
mendations as to whether further work is indicated, either under the Vision Com- 
mittee or under a contract arranged by one of the Services. 


The problem can be approached in two ways. One may ask at the outset what 
types of telescopes are now in use by the Services, and inquire whether reflection 
optics might be substituted to advantage for any of these. This leads to saying 
at the start that a 5 - 7 mm exit pupil is probably necessary, and as a result 
running into serious difficulties with obscuration of the central portion of the 
exit pupil, which is inevitable in these systems. The problem may, alternatively, 
be approached by finding out what kinds of reflecting telescopes can be made with 
acceptable aberrations, which have an exit pupil small enough so that the missing 
central portion is not disturbing to an observer. After doing this, the question 
would be raised whether a telescope with the exit pupil, angular field of view, 
and magnification which give adequate optical performance are useful for any 


Service application. Actually, both approaches have been used in the present 
studies. 


The present program includes four investigations, as follows: 


1. A bibliography of literature on reflection optics and technical 
abstracts of inaccessible papers is being prepared. 


20 A 20 x 50 Bouwers telescope has been tested for optical perfor- 
mance. 


30 General studies of the capabilities and limitations of systems 
involving reflection optics for visual observation is being made. 


4, The design of one or more specific monocular telescope systems is 
being studied to provide a basis for making a model at a later date. 


The present status of each of these investigations is “briefly summarized in 
the following paragraphs: 


1. Bibliography and abstracts of articles on reflection optics. 
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Dr. S. So. Ballard has undertaken to prepare a bibliography, together with 
abstracts of technical papers which are not readily accessible in most libraries. 
He will have the assistance of the librarian at the Polaroid Corporation, and Mr. 
David Grey will cooperate with him in making the technical abstracts. It will 
probably not be possible to complete this bibliography and the abstracts by the 
end of June, but the Subcommittee feels that this work is of fundamental impor- 
tance and hopes that provision can be made for continuing it after 30 June 1950. 


2. Measurements of optical performance of a 20 x 50 Bouwers Telescope 
a A A SS SRE Sy eS ot A AS 


Dr. Howard S. Coleman has completed measurements of the various optical 
characteristics of a 20 x 50 Gregorian-type Bouwers telescope, which was loaned 
to the Subcommittee by Mr. H. L. Pryor, in the Photographic Laboratory at Wright 
Field. The instrument was compared with a standard 20 x 50 reflecting telescope 
of high quality without erecting prisms. The principle results are as follows: 


ao Apparent field of the Gregorian telescope is approximately 34°, 
which is the same as for the refracting telescope with which it 
was compared. 


bo Transparency is 49%, as compared with 81% for the refracting 
telescope. It should be noted that the refracting telescope had 
no erecting prisms. 


co Weight is 490 grams, as compared with 4460 grams. 
d. Length is 24 cm, as compared with 46 cm. 


e. KDC Efficiency is about 94% at center of field, and falls to about 
25% at edge of field. The refracting telescope has close to 100% 
efficiency at center of field and 60% at edge. A central stop 
reduces the efficiency of the standard telescope by only about 4%. 


f. Vignetting is severe at the edge of the field, as compared with 
the refracting instrument. 


go Contrast rendition is 91% for the reflecting telescope, as compared 
with 96% for the refracting instrument, when exposed to a 180- 
degree surround of uniform brightness. 


h. Interferometer fringes show a path difference of about 1/4 wave- 
length over the aperture, principally higher order spherical 
aberration. 


Dr. Hopkins and Dr. Dunham have noted that low contrast landscape targets 
are seen definitely less clearly with the Bouwers telescope than with a 20 x 60 
Bausch and Lomb spotting telescope. The reason for the apparent loss of contrast 
is not clear. It may be due to scattering by the two mirrors, which probably 
reflect approximately 84% each, on the basis of Dr. Coleman's measures of trans- 
parency. Dr. Coleman indicated that the only coated surfaces in the system 
appeared to be the two internal surfaces in the eyepiece. It seems clear that 
measurements of the percentage of light scattered by aluminum and silver mirrors 
are much to be desired, to give a basis for evaluating the performance that can 
reasonably be expected with reflecting telescope systems. 
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3, General study of capabilities and limitations of reflecting optical 
a 
systems 


Mr. David Grey has been studying the general properties of meniscus-corrected 
reflecting telescope systems, At the start, it was assumed that for military 
applications it would be desirable to have an exit pupil at least 5 mm in diameter, 
an apparent field of at least 48°, and a magnification preferably about 5 Xx - 12 Ke 
The various problems relating to the obscuring ratio and stray light are simplest 
to handle when the magnification is large, the field is small and the exit pupil 
is small. The problem is to devise a system which has, if possible, an exit pupil 
large enough for use at low levels of illumination, but for which the obscured 
portion is small enough to avoid annoyance at high levels of illumination, when 
the pupil of the eye is small. 


4. Design of Specific Monocular Reflecting Telescope Systems 


Dr. Robert E. Hopkins has outlined the approximate characteristics of a 
Gregorian telescope system similar to the Bouwers instrument. 


Dr. Hopkins finds that the maximum N.A. attainable with systems of this 
general type is about 0.054 (approximately ein), The Bouwers telescope is not 
quite corrected within the Rayleigh limit, but it seems clear that essentially 
perfect correction can be achieved on the axis, including the correction of 
longitudinal color. With an obscuring ratio of 0.3 (in terms of diameter), the 
coma can be held to a satisfactory level. The astigmatism is about eight times 
that present with conventional refracting objectives, but it seems likely that 
this can be compensated in the eyepiece. 


One of the most attractive features of these systems is the backward-curving 
field, which can be made to match the curvature of field of standard eyepieces. 
But unfortunately vignetting limits the field rather séverely. Unless the secon- 
dary mirror is made oversize for an object on the axis, a portion of the off-axis 
rays will fail to be reflected to the focus. The secondary mirror cannot be much 
increased in size without introducing undesirable features connected with a high 
obscuring ratio. There is also difficulty about the placing of diaphragms to 
prevent the entry into the system of direct light from the object, past the secon- 
dary mirror. 


Dr. Hopkins has investigated the performance of strictly concentric systems 
and of non-concentric systems which fulfill closely the achromatic condition for 
a Single meniscus correcting lens. Excellent correction for both spherical aber= 
ration and for longitudinal color can be achieved with designs which are not con- 
centric. The use of a thick meniscus to reduce spherical aberration still further 
leads to the introduction of much more axial color. 


is An achromatic design, with an obscuring ratio of 0.25 has been investigated. 
This reduces the overall length of the system for the same focal length. At N.A. 
0.038, (£#/13) the spherical aberration is below the Rayleigh limit, but coma and 


astigmatism are more than for the concentric system. The field curvature is also 
somewhat greater. 


An off-axis system with decentered exit pupil has been studied briefly. It 
seems possible that an 8 x 56 off-axis system, approximately 48 cm. long, can be 
designed. Such a system would have the great advantage that there would be no 
obscuration at the center of the exit pupil, and so all difficulties connected 
with a central stop would be eliminated. 
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Dr. Hopkins has pointed out that meniscus-corrected reflecting systems may be 
well adapted for use in periscopes for submarines and for bore inspection. The 
backward-curving field in these systems would tend to balance the severe curvature 
which is ordinarily introduced by the relay systems in periscopes. 


A system which Dr. Hopkins feels may be promising, and which should be inves- 
tigated, is a meniscus-corrected Cassegrain reflecting system, with a terrestrial 
erecting eyepiece. This has also been proposed by Mr. Grey» 


Influence of a Hollow Exit Pupil 


All of the telescope systems proposed by Dr. Bouwers inevitably require the 
use of a small secondary mirror, which produces a hollow exit pupil. If the exit 
pupil is more than about 3mm in diameter, and if the secondary mirror has a 
diameter approximately 0.3 of the aperture of the system, the observer is aware 
of a marked disturbance in using the instrument. He sees in the field a dark, 
fuzzy area which moves about in the field of view as he changes the relation 
between his own eye and the telescope. If the exit pupil is as much as 7 mm in 
diameter, with an obscuring ratio of 0.5, this disturbance becomes very serious. 
Accordingly, it seems clear that telescope systems of this kind can only be used 
when the exit pupil of the instrument is not more than about 5 mm in diameter. 
This apparently limits the applicability of these instruments to relatively high- 
power telescopes. 


When the exit pupil is 2-3 mm in diameter, the limitation on visual acuity 
due to the dimensions of the retinal structure and the limitation due to dif- 
fraction are nearly equal, so that the change in the diffraction pattern which is 
caused by a central stop may have a noticeable effect on visual acuity. The 
percentage of total light in the central disc and in the first diffraction ring 
is 84% and 7%, respectively, for an unobstructed circular aperture, whereas when 
the central stop has a diameter 0.3 of the aperture, the percentage of total light 
in the central disc is only 68%, and the intensity in the first diffraction ring 
rises to 22% It is entirely conceivable that this alteration in the diffraction 
pattern may cause a diminution in local contrast in a scene, and that it may 
affect visual acuity to a noticeable degree. 


The Subcommittee regards this question of the influence of a central stop 
on visual acuity as one of great basic importance in determining the acceptibility 
of reflecting optical systems which have other attractive features. The problem 
is also one of considerable interest from the point of view of retinal performance 
-8 such. Accordingly, it is felt that measurements should be made as soon as pos- 
sible to determine the effect of central stops on visual acuity. Dr. Blackwell 
has agreed to make some preliminary observations of this kind at the University 
of Michigan before the end of June, 1950. Experimental central stops, made by 
Bausch and Lomb for studies of diffraction with reflecting microscope systems, 
are being made available by Dr. Dunham for these measurements. It is likely that 
Dr. Tousey can conduct similar measurements at NoR.L. in the near future. 


Most Promising Indicated Applications for Reflecting Optics 


At the present time, the Subcommittee regards the following systems as parti- 
cularly worthy of more detailed study: 


1. A high-power Gregorian-type meniscus-corrected telescope with approxi- 
mately 5 mm diameter exit pupil and obscuring ratio between 0.25 and 
0.30. The magnification should be as low as canbe allowed without 
introducing undue curvature of field, probably about 25 X. 
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2. A Cassegrain-type meniscus-corrected telescope with terrestrial erecting 
eyepiece, with exit pupil approximately 3 mm in diameter and with obscur- 
ing ratio approximately 0.25 to 0.50. 


3, An off-axis decentered telescope system, approximately 8 x 56 or 8 x 40, 
with magnification as low as curvature of field will permit. 


4, A dual-power telescope employing a small refracting objective as a finder, 
which is uncovered by removing the secondary mirror of the system to one 
side on a hinged arm. 


5. Relay systems in which the packward-curving field of a meniscus-corrected 
system might be used very effectively to offset the curvature of other 
units in a periscope system. 


6. Reflex sights in which the wide field characteristics of meniscus-correct= 
ed systems could be utilized to good advantage. 


7, Aerial cameras offer a particularly attractive application for meniscus- 
corrected reflecting systems, since a wide field can undoubtedly be 
achieved with excellent definition, on a curved film, and with only two 
optical elements in the system. However, such cameras probably lie out= 
side the scope of the Vision Committee. 


DISCUSSION: 


Dr. Ballard suggested that Dr. Dunham describe the tests which Dr. Blackwell is 


planning to make for the Subcommittee, concerning the influence of hollow 
exit pupils upon visual acuity. 


Dr. Dunham thanked Dr. Ballard for reminding him. He stated that the Subcommittee 


Dr. 


Dr. 


Dre 


Dre 


regarded the question of the influence of hollow exit pupils upon visual 
acuity as a very important question in the over-all evaluation of the poten- 
tial value of reflecting optics systems. The hollow exit pupil consists of 
a bundle of rays emanating from the instrument which is occluded in the cen- 
tral region by the presence of a mirror covering a portion of the field of 
the refracting objective. The hollow exit pupil is ot Sagrada | a necessary 
characteristic of the reflecting optics system. Dr. Vunham stated that Dr. 
Blackwell had suggested that within a day or two of work it would be possible 
to get some idea of the magnitude of the influence of the hollow pupil upon 
visual acuity. The Subcommittee had urged Dr. Blackwell to carry out this 
study and Dr. Dunham reported that he will make arrangements to provide Dr. 


Blackwell with a series of special reticles to be used as simulated hollow 
pupils. 


Tousey reported that he would be very happy to undertake a study of the in- 
fluence of hollow exit pupils upon visual acuity. 


Dunham suggested that Dr. Tousey and Dr. Blackwell discuss the matter so that 
plans could be made for obtaining the most data with a minimum of difficulty. 


Beck asked whether the hollow exit pupils do not result in a brightmess loss. 


Dunham replied that this is true, but that very probably the brightness loss is 


less important than the other effects of a hollow exit pupil. 
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Dr. Hulburt stated his belief that while there are doubtless disadvantages to re-~ 
flection optics, there is a great advantage to be gained with reflection 
optics for use in high magnitude telescopes. This advantage results from 
the short length and light weight of the systems, which should minimize the 
problems of vibration in telescopic instruments. 


Dr. Blackwell mentioned that one possible use for reflection optics systems which 
had not been mentioned was a folded binocular to be worn on a headgear of the 
This instrument was designed 


sort designed by Hartline during the last war. 
with a view to minimizing unsteadiness of the Binocular with respect to the 


head of the wearer, Because of lightness of weight, it is possible that the 
Hartline-type binocular could be more easily constructed with reflection 


optics. 
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Minutes and Proceedings of the Meeting 
of the 
‘Subcommittee on Reflection Optics 
Saturday, 27 May 1950 


The Subcommittee met at 9:00 A.M on 27 May 1950 in the National Research 
Laboratories Building at Ottawa. Those present were: 


Dr. Theodore Dunham, Jr., Chairman 

Dr. Stanley S. Ballard 

Dr. H. Richard Blackwell 

Dr. Howard S. Coleman 

Dr. Siebert Q. Duntley 

Lt. Col. Alan E. Gee, Ordnance Department, U.S. Army 
Mr. Kenneth V. Knight, Bureau of Ordnance, U.S. Navy 
Dre Duncan Macdonald 

Dr. Carl W. Miller 

Dr. Philip T. Shahan 


Mr. J. E. Darr, Jr., of the Ordnance Department, U.S. Army, and Dr. Richard 
Tousey, of the Naval Research Laboratory, were also present as guests. 


Dr. Dunham opened the meeting by outlining the aims established for the 
Subcommittee by the Executive Council of the Vision Committee, as follows: 


1. Preparation of bibliographic summaries and abstracts of 
articles on reflection optics. 


2 Determination of the comparative efficiency of reflecting 
and refracting optical systems by ray tracing methods. 


3. Measurement of the resolving power and scattered light in 
the Gregorian telescope produced by the Bouwers!' group. 


Dr. Dunham indicated that present plans contemplate an intensive study of 
the possible usefulness of reflection optics for military applications extending 
to 50 June 1950, followed by the preparation by 31 August 1950 of a report sum- 
marizing the results of this study and incorporating recommendations as to the 
desirability for conducting further studies in this field, either under the Vision 
Committee or under a Service contract. On the basis of this report, the Vision 
Committee will determine whe ther any additional activities are to be carried or 
by the Subcommittee. . 


Letters from the Bureau of Ordnance of the Navy and from the Chief of Ordnance, 
Department of the Army, were read by Dr. Dunham. The letter from the Navy called 
attention to the disadvantages which are likely to be associated with Bouwers 
reflecting optical systems as regards alignment, stray light, light transmission, 
cost, maintenance, shock and vibration, focal length adjustments and exit pupil. 
Although the Bureau of Ordnance does not have a specific or general application 
for reflecting optical systems of the Bouwers type, it is believed that further 
studies may be made of general benefit to the Armed Services. The letter from the 
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Chief of Ordnance of the Army reads as follows: 


"The optical reflection systems presented by Dr. A. Bouwers are 
interesting for their application to infrared optics and will be con- 
sidered whenrequirement arises. They are not particularly promising 
in visual optical instruments for military purposes, since the occulting 
effect of the second mirror is not readily overcome. At present the 
advantages expected seem to be coupled with serious faults. Army Ord- 
nance does not contemplate or recommend any development of visual optics 
of the reflection type for military purposes.” 


Dr. Dunham stated that Dr. Robert A. Woodson, a consultant optical engineer 
of Chicago, who has taken part in recent meetings of the Vision Committee, has 
expressed interest in the program of the Subcommittee and would be able to under- 
take specific studies if that should be desired. 


Reports were presented to the Subcommittee describing the various studies 
which are under way: 


1. Bibliography and Abstracts of Articles on Reflection Optics 


Dr. Ballard reported that work is being started 6n the bibliography. The 
librarian at the Polaroid Corporation will assist in compiling references, and 
these will be examined and abstracted by Dr. Ballard and Mr. Grey. A considerable 
number of references to U.S. and British patents have been received from Eastman. 
The undertaking is a formidable one, since the literature is more extensive than 
anticipated, and it seems unlikely that it can be completed before the end of June. 
Nevertheless, the work will be carried as far as possible by that date. 


It was felt by those present that this bibliography, together with abstracts 
of those articles which are not easily available, constitutes an important contri- 
bution to the subject, and that, if it cannot be completed before the end of June, 
some provision should be made for continuing the work after that date. Dr. Black- 
well indicated that the Vision Committee can probably arrange for publication of 
the bibliography and abstracts. 


20 Comparative Image Quality Studies of a 20 x 50 x 1.7° Reflection Type 

Telescopic System and Two Similar Conventional Refraction Type Telescopic 
Systems | Atlee ie 
Howard S. Coleman, University of Texas 


ABS TRACT 


A comparison has been made of the image quality evaluations of three teles- 
copic systems. One of the systems is a Gregorian type telescope and the other two 
are simple astronomical systems. One of the two astronomical sy tems is of the 
conventional design and the other has been modified by the inclusion of a central 
aperture stop intended to approximate the effective aperture stops in the Gregorian 
telescope. The image quality was determined at various field angles for each of 
the three telescopic systems by means of the KDC Apparatus and the 1-2 Interfero- 
meter. In addition, the stray light and light transmission through the three sys- 
tems were determined. The Gregorian telescopic system was found to be measurably 
poorer than the other two optical systems in each of the comparisons made. 


INTRODUCTION 


At the request of the Sub-committee on Reflection Optics of the Armed Forces- 
REL 
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WRC Vision Committee, two members of the Optical Research Laboratory of the Uni- 
versity of Texas compared, on a consulting basis, the image quality of a Gregorian 
telescopic system, partly utilizing reflection optics; with two approximately : 
equivalent simple astronomical type telescopic systems. It was the purpose of the 
comparison to determine any unusual features of the Gregorian telescopic system 
which would assist the sub-committee in considering the possible benefits to be 
derived from the use of reflection optics, presumably in military applications. 

It is the purpose of this report to present the data obtained in the comparisons 
that were made. 


APPARATUS AND PROCEDURE 


Three optical systems were studied. The pertinent details of these are 
shown schematically and photographically in Drawings D-7046 and D-7047, and in © 
Photographs P-5431, P=-5432, and P-5433. The two astronomical systems were identi- 
cal with the exception of the use of the central stop assembly. 


The above mentioned telescopic systems were subjected to four different types 
of tests. These were KDC tests, Interferometer tests, Contrast Rendition tests, 
and Light Transmission tests. Since the apparatus and procedure used by the Opti- 
cal Research Laboratory for making tests of this type are described elsewhere, they 
will not be redescribed here. 


The K.D.C. efficiency and the Interferometer quality were determined for each 
of the telescopic systems at five different field angles. 


The contrast rendition was measured for the case of an object located in a 
uniform surround and for various field positions of a bright source (referred to 
as the artificial sun). Such measurements were made for the case of the object 
slightly off axis. . 


The light transmission was measured in such a way as to determine the trans= _ 
parency of the optical systems (avoiding occlusion by stops) and the effective 
transmission by measurements utilizing the full aperture of the systems. 


THE DATA 


The KDC efficiency and Interferometer quality data are presented in Drawings 
D-7048, D-7049, D-7062, D-7063, and D-7064, and in Photographs P-5427 to P-5429, 
inclusive. 


The contrast rendition values for the case of the uniform surround, are pre= 
sented in tabular form on Drawing D-7050. The contrast rendition data for various 
angular positions of the artificial sun, are shown graphically on Drawing D-7060. 


The values of the transparency and effective transmission are presented in 
tabular form on Drawing D-7061. 


DISCUSSION AND CONCLUSIONS 
| ESI MR a aa i a a a te 
Although the comparison between the Gregorian and conventional optical systems 


described in this report is not strictly valid from a design point of view, it is 
evident that no superiority could be claimed for the Gregorian optical system. 


See 


3. Theoretical Investigation of the Performance of Reflecting Systems 
by David Grey 


Mr. David Grey has been studying the general properties of meniscus-corrected 
reflecting telescope systems. In his absence, Dr. Dunham summarized his results 
to date. At the start, it was assumed that for military applications it would be 
desirable to have an exit pupil at least 5 mm in diameter, an apparent field of at 
least 48°, and a magnification preferably about 5X to 12X. The various problems 
relating to the obscuring ratio and stray light are simplest to handle when the 
magnification is large, the field is small and the exit pupil is small. The 
problem is to devise a system which has, if possible, anexit pupil large enough 
for use at low levels of illumination, but for which the obscured portion is small 
enough to avoid annoyance at high levels of illumination, when the pupil of the 
eye is small. No satisfactory solution has yet been found, when the exit pupil, 
field and magnification are within the range which is likely to be of interest 
to the Services. 


Off-Axis arrangements of both Gregorian and Cassegrain systems have been 
investigated in an effort to eliminate the hollow exit pupil, but all such systems 
appear to be either too bulky or else do not meet the various requirements. An 
investigation is being made of the possibility that an off-axis portion of the 
aperture can be used in the daytime, and the full aperture at night. 


Another possibility, which is being explored, is the use of a Cassegrain 
system with a terrestrial eyepiece. An eyepiece of this type can provide positions 
for auxiliary stops to help solve the stray light problem. 


Data relating to the aberrations of the systems under investigation will be 
included in Mr. Gray's final report, but he feels that the pupil problem is of 
basic importance and must be solved if any advantage is to be derived from systems 
which are promising in other respects. 


4, The Design of Specific Telescope Systems by Dr. Robert E. Hopkins 


Dr. Hopkins outlined the characteristics of a Gregorian telescope system which 
he thought was similar to the Bouwers instrument. Approximate design data are as 
follows: 


Radius of external surface of meniscus correcting lens 11.3 (convex) 


Thickness of meniscus correcting lens . 1.6 

Radius of internal surface of meniscus correcting lens 10.4 (concave) 

Separation of meniscus lens from concave mirror 28.5 

Radius of curvature of concave mirror ieee 

Radius of curvature of concave secondary mirror 10.4 

(this coincides with internal surface of meniscus) 

Curvature of field 0.24 (curved back- 
ward ) 

Focal length of telescope system 100.0 


The optical designer has at his disposal three surfaces which give under- 
correction of spherical aberration and one which gives over-correction. Studies 
show that the maximum N.A. attainable is about 0.054 (approximately fAn. The 
Bouwers telescope is not corrected within the Rayleigh limit, but it seems clear 
that essentially perfect correction can be achieved on the axis, including the 
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correction of longitudinal color. With an obscuring ratio of 0.3 (in terms of | 
diameter), the coma can be held to a satisfactory level. The astigmatism is 

about eight times that present in conventional refracting objectives, but it seems 
likely that this can be compensated in the eyepiece. 


One of the most attractive features of these systems is the backward-curving 
field, which can be made to match the curvature of field of standard eyepieces. 
But unfortunately vignetting limits the field rather severely. Unless the second- 
ary mirror is made oversize for an object on the axis, a portion of the off-axis 
rays will fail to be reflected to the focus. The secondary mirror cannot be much 
increased in size without introducing undesirable features connected with a high 
obscuring ratio. There is also difficulty about the placing of diaphragms to 
prevent the entry into the system of direct light from the object, past the second- 
ary mirror, 


Dr. Hopkins has investigated the performance of strictly concentric systems 
and of non-concentric systems which fulfill closely the achromatic condition for 
a single meniscus correcting lens. Excellent correction for both spherical aber- 
ration and for longitudinal color can be achieved with designs which are not 
concentric. The use of a thick meniscus to reduce spherical aberration still 
further leads to the introduction of much more axial color. 


An Achromatic design, with an obscuring ratio of 0.25 has been investigated. 
This reduces the overall length of the system for the same focal length. At N.A. 
0.038 (f/13) the spherical aberration is below the Rayleigh limit, but coma and 
astigmatism are more than for the concentric system. The field curvature is also 
somewhat greater. 


An off-axis system with decentered exit pupil has been studied briefly. To 
get a 7 mm exit pupil, the diameter of the entire pupil must be 20 mm, if the 
obscuring ratio is 0.3. For 8X magnification, the entire objective would be 160 
mm in diameter, but a circular portion only 56 mm in diameter would be used. The 
overall length of such an 8 x 56 off-axis system might be about 48 cm., which is 
within the limits of what might be reasonable. For a 5 mm, exit pupil (an 8 x 40 
system) the length would be reduced toabout 34 om. Ifa compound meniscus were 
se og the NoA. might be increased above 0.05, thus reducing the length of the 
systemo 


If the meniscus is turned with the concave surface outward, there are two 
surfaces which contribute over=-correction of spherical aberration, and as a result 
the N.A. can be increased, and the system can be made shorter. However, if the 
secondary mirror is incorporated in the convex rear surface of the meniscus the 
resulting Cassegrain system inverts the image, and erecting prisms must be added, 


Dr. Hopkins pointed out, and Colonel Gee emphasized, that meniscus-corrected 
reflecting systems might be well adapted for use in periscopes for submarines and 
for bore inspection. The backward-curving field in these systems would tend to 


balance the severe curvature which is ordinarily introduced by the relay systems 
in periscopes. 


A system which Dr, Hopkins feels may be promising, and which should be inves- 
tigated, 18 a meniscus-corrected Cassegrain reflecting system, with a terrestrial 
erecting eyepiece. This has also been proposed by Mr. Grey. 


—————== 
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5. Discussion 


a. Two-Power Telescope 


There was general agreement that a two-power telescope, such as the 
22 x 60, 8 x 20 which Bouwers has described, might be extremely useful. 
This system is based on uncovering a refracting objective of small diameter 
by swinging to one side the secondary mirror of a Cassegrain system. It 
was felt that the elegance and simplicity of this arrangement, in comparison 
with the relatively complex designs for other dual power systems, will 
justify a careful study of its capabilities. Mr. Knight suggested that 
an aircraft telescope with IX and 4X magnification would be of interest 
to the Services. 


b. Relay Systems 


It was felt that the usefulness of meniscus-corrected reflecting 
relay systems should be fully explored. An objective with the backward- 
curving field which is characteristic of these systems might be very 
useful. Colonel Gee suggested that they could also be used for relaying 
.an image at high field magnification, with a low value of the obscuring 
ratio. 


ec. Aircraft Sights 


Mr. Knight suggested that it would be useful to explore the applicability 
of these reflecting systems to aircraft sights, in which a central stop 
might not be objectionable, if the two eyes were to straddle the obscura- 
tion. Dr. Hopkins indicated that a folded Cassegrain system might be used 
to get a high aperture ratio, possibly efe. 


d. Effect of the Central Stop on Visual Acuity 


A central stop, with a diameter between 0.2 and 0.3 of the aperture 
seems to be unavoidable in reflecting systems similar to those proposed 
by Bouwers, unless an off-axis system with solid exit pupil can be de- 
Signed. There was considerable discussion about the probable influence 
of this stop on visual performance. Apparently no measures have been made 
to determine the effect of a central stop, with the exception of some 
observations made by Dr. Coleman at Penn. State during the recent war. 
The results of these measurements are not immediately available. Dr. 
Dunham pointed out that with pupils from 2 to 3 mm in diameter the limi- 
tation on visual acuity due to dimensions of the retinal structure and 
the limitation due to diffraction are nearly equal, so that the change in 
the diffraction pattern caused by a central stop might have a noticeable 
effect on visual acuity. The integrated intensity in the central disc and 
in the first five rings of the diffraction pattern has recently been calcu- 
lated, for various diameters of the central stop, in connection with another 
project, The percentage distribution of light is as follows: 
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It was felt that some measurements of visual acuity with central 
stops are much to be desired. Dr. Blackwell stated that his laboratory 
at the University of Michigan is at the present time able to make pre- 
liminary measurements of this kind, using available equipment for presen- 
tation of targets and for recording observations. Dr. Dunham said that 
central stops, made by Bausch and Lomb for studies of diffraction with 
reflecting microscopes systems, are available for such measurements. 
They have diameters of approximately 0.4, 0.8, lo2sy 1o6ye0+0506 mm. Dr, 
Blackwell will attempt to complete som preliminary measurements before 
the next meeting of the Subcommittee. Dr. Tousey mentioned that some 
measurements can also be made on this factor at NRL in the near future, 
and offered to discuss the details at a later time. 


eo Properties of First-surface Mirrors 


It was felt that quantitative information is needed regarding the 
amount of light scattered by first-surface aluminum mirrors and also 
mirrors coated with other metals. It is entirely possible that reflec- 
tion from two mirrors scatters enough light over wide angles to cause 
significant reduction in contrast over the entire field of a telescope. 
It was agreed that measurements to determine the order of magnitude of 
this effect are badly needed to permit adequate evaluation of telescopes 
of the Bouwers type. 


f. General Discussion 


The discussion brought out thé fact that almost every potential 
application of reflection optics for military instruments involves 
specialized problems, and that no overall statement can be made regarding 
the general usefulness of systems of this kind. Each problem must be 
investigated independently. 


Plans for the Next Meeting 


It was agreed that the Subcommittee should meet during the last few days 


of June to consider the reports from each group now engaged in studies, and 
to consider the content of the final report which the Subcommittee must pre- 
pare immediately after June 30th, with recommendations regarding the desira- 
bility of further work in this field. The most suitable date appears to be 
June 25rd in New York City. Dr. Blackwell agreed to find a satisfactory room 


for the meeting, and he will notify-members of the Subcommittee about this as 
soon as possible. 3 
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Report of the Chairman 
Richard G. Scobee, M.D. 
May 27, 1950 


The first item to be reported is the membership of the Executive Council. 
The tems of both Drs. Hardy and Scobee expired and a nominating committee sub- 
mitted to the membership of the Vision Committee the names of six candidates, two 
of which were to be elected. The ballot was carried out by mail. Those elected 
were Dr. Henry Imus and Dr. Richard Scobee, the latter succeeding himself. 


The Chairman and Deputy Chairman, you will recall, are elected by the Execu- 
tive Council. It is with pleasure that I report the election of Col. Victor Byrnes 
as the new Chairman and of Dr. Conrad Berens as the new Deputy Chairman, both elect- 
ed for a two-year term to begin July 1, 1950. ; 


At a meeting held last evening, the Executive Council reviewed the membership 
lists of the Committee, It is a pleasure to announce that the Executive Council 
has agreed to recommend to the National Research Council,'that three of the present 
list of associate members be nominated as NRC members. These are Drs. Hedwig 
Kuhn, Alphonse Chapanis, and Lorrin A. Riggs. The Executive Council has agreed to 
drop several associate members from the roster because of lack of attendance or in- 
terest. It was believed that certain associate members might well be designated 
official military representatives; in these cases, contact will be made with the 
appropriate military authorities to explore this possibility. 


After considerable discussion, the Executive Council agreed last evening to 
a plan of reorganization of the Committee, which may appear at first glance to be 
a radical step. After July 1, 1950, all of the Subcommittees are to be abolished. 
There is a reason for this, and I shall try briefly to outline it. In the early: 
days of the Vision Committee -- during the past war -- problems arising within the 
Armed Forces were referred to the Vision Committee when it seemed likely that the 
latter group might be able to furnish an answer. The membership roster was small 
and the majority of members were in the armed services. Problems were answered 
as quickly as was possible by those whose work and experience best suited them to 
advise concerning any particular question. As the war ended, scientific personnel 
within the armed services returned to civilian life and were replaced by new mili- 
tary personnel. In order to keep these two groups together and benefit by the past 
experience of those returning to civilian life, the Vision Committee was reorganiz- 
ed and perpetuated. As time has passed, more military personnel have returned to 
Civilian life and have been replaced by even newer military members. The Vision 
Committee has grown in membership accordingly. The rosters of the Subcommittees 
have also grown to a point where they are almost unwieldy. 


Within the past two or three years, it has become increasingly evident that 
the Subcommittees have apparently lost too much of their war-time efficiency and 
the answers to problems submitted have become increasingly vague and of little 
real practical value. This is believed to be due partly to the unwieldy size of 
the Subcommittees and partly to the fact that there seemed to be no definite sense 
of responsibility within the groups. This is not intended to be a criticism either 
of the Subcommittee chairmen nor of the membership of the various groups, but sim- 
ply a recognition of a perfectly natural process of changing interests and a “drif- 
ting away’ from the armed forces by membership of the Subcommittees, 
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The reorganizational plan may be far from ideal, but at least the Executive 
Committee plans to try it for a year or so and see how it works. If it is not 
found feasible, something else will have to be tried. It is believed that the 
Vision Committee can perform more definite and efficient services for the military 
departments using the mechanics of small working groups paid for their work and 
with responsibility definitely placed. At least the method will be given a trial . 
A detailed description of the plan for reorganization will be prepared and printed 
in the Minutes and Proceedings of the meeting. (Note: The plan may be found in 
the index of the present Minutes and Proceedings.) , 
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267. Instrument Lighting-Investigations of Ultra-Violet Reflections. 
Part 20 Measurenents of Ultra-Violet Energy in Aircraft Cockpits 
quipped with Fluorescent Instrument Lighting. 
John Lazo and Brown, Fred R. 
U. So Navy, Bureau of Aeronautics, Naval Air Material Center, U.S. 
Naval Base Station, Philadelphia, Pa. 
Report TED No. NAM 31334, Part 2, February 1, 1950, 30 pp. (0) 


"An Ultra-Violet Radiometer Assembly has been designed and constructed to measure 
average radiant flux densities over the spectral range of 312 to 599 millimicrons. 
This instrument has been used to measure the energy at the pilot's eye position in 
cockpits of naval aircraft equipped with ultra-violet floodlighting of fluorescent 
instrument markings.’ The energy so measured is largely attributable to reflections 
from the instrument panel, adjoining consoles and windscreens, and, in some cases, 
to direct radiation from lamps. 


"Ten naval aircraft, (JM, SNB, R4D, SNJ, BID, PB4Y, PB1l-W, JD, PBY, PBM), equipped 
with ultra-violet instrument floodlighting fixtures (360 BL lamps), were investi- 
gated. One commercial aircraft, a Martin 2-0-2, equipped with a cold cathode ultra- 
violet floodlighting installation was also studied. 


"In addition to the measurements of radiant flux density, the related brightnesses 
of the fluorescent instrument markings on the aircraft panel were determined. 


"These measurements supplement data previously reported on the amount of visible 
light reaching the pilot's eye position in similar aircraft. 


"An analysis of the measurements and observations indicate that ultra-violet radia- 
tions and reflections can be minimized by improved positioning of the ultra-violet 
sources, by better shielding over the instrument panel and by uniform use of a 
standard fluorescent paint on the instrument markings.” 


268. 4 Pa ie = the Requirements for Letters, Numbers and Markings to 
A “Surrey o Pilot Preferences for Markings for Rheostat Controls. 


Ro Brown and Lowery, Edward A. 
ie oy Navy, Bureau of Aeronautics, Naval Air Material Center, U. S. 
Naval Base Station, Philadelphia, Pa. 
Report TED No. NAM EL-609, Part 2, February 1, 1950, 13 pp. (0) 


"An opinion survey has been conducted among a group of experienced Naval pilots to 
determine their preference among twelve alternative methods of marking the rheostat 
intensity controls found on trans-illuminated control panels in aircraft cockpits. 
The results of the survey indicate a strong preference for a marking of simple de- 
sign utilizing lines of uniform stroke width. 


"The other elements of a satisfactory marking are: verbal references to function 
and limits; conformity with standard directions, ice., clockwise movement to in- 
crease intensity; interpretability of marking from any viewing angle or partial 
view; and combination of direction indicator with purpose designation, i.@., 
"brighter" instead of “high.” <i 
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"An unsatisfactory marking would have elements with these features: wide or non- 
uniform stroke widths; complex or subtle designations; too great dependence on non~ 
verbal references; non-standard direction of rotations; and poor interpretability 
from a partial view.” 


269, The Effects of Very Fast Speeds on Multiple Dial Watching. 
R. Conrad 


Great Britain Medical Research Council, Applied Psychology Research 
Unit, Psychological Laboratory, Cambridge. 
Report No. A.P.U. 115, October, 1949. 12pp. (0) 


"An experiment was carried out to examine the effect on performance of speed in- 
creases on a very fast skilled visual task. The task required the subject to 
respond to a continuously changing display consisting of four independent elements. 
Correct and incorrect responses were recorded, the nature of the latter being ana- 
lysed in some detail. 


"Increasing the speed of the task had no effect on the number of correct responses, 
the subjects apparently being fully extended at the slowest speed. An average 
time of 1.5 secs. was required to make such a response. 


"The total response rate, however, continued to rise with speed increases, though 
it lagged behind that necessary for perfect adaptation. At the fastest speed, an 
average time of 0.72 secs. was taken to make a response of any kind. 


"The majority of the errors fell into two classes. Errors of timing (a response 
at the wrong time) were common, but became less important as the speed increased. 
Errors of omission (failure to respond to a signal) increased steeply out of all 
proportion to the mimber of signals presented. Though the fastest speed was less 
than twice the slowest, the errors of omission increased fivefold. 


"Evidence was sought for the hypothesis that speed stress would affect the distri- 
bution of responses amongst the four elements of the display. The results are 
inconclusive on this point. The distribution of correct responses was unchanged, 
but errors both of timing and of omission increased least on the part of the dis- 
play that presented most signals. 


"A number of observations are made on the way the sub ject organised both the per= 
ceptual and the response side of the task." 


270. Post-Rotational Perception of Apparent Bodily Rotation 
Cecil W. n, Frederick E. Guedry, Jr., and Ray, James T>. 
Joint Project Report No. 13. The Tulane University of Louisana 
under Contract N7onr-434 T. 0. I. Office of Naval Research, 
Project Designation No. NR 140-455, U. S. Naval School of 
Aviation Medicine and The Bureau of Medicine and Surgery 
"NM 001 063.01.13 (formerly NM 001 037)" 9Qpp. (0) 


"In this report the oculogyral illusion is investigated to ascertain the relative 
contributions to the illusion of the visual component, the retinal tracking of 
visual images during nystagms, and of other factors collectively designated as the 
postural component. The report is chiefly concerned with a comparison of the first 
post-rotational effect of the oculogyral illusion under three different conditions: 
(1) visual stimulus present (2) visual stimlus absent (in this condition the visual 
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component cannot be operative ) (3) visual stimulus modified in that its source is 
a flickering light. 


"The durations of the illusion under the first two conditions were found to be of 
the same order. Observers of the flickering visual stimulus reported (1) 'phi-like! 
motions both to the right and to the left and (2) at the same time as the two direc- 
tional phi motions, the overall unidirectional first post-rotational effect. When 
the phi motions subsided the first post-rotational effect continued. 


"It is tentatively concluded that the perceptual nature of the oculogyral illusion 
is a result of two components: (a) the postural component which contributes the 
smooth uni-directional apparent motion to each effect of the oculogyral illusion 
while (b) the visual component Superimposes a jerky or blurred appearance on the 
perception of the target. Seah oe 
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George Bo es 3 


Joint Project Report No. 15. The Tulane University of Louisana 
under Contract N7onr-434 T. 0. I. Office of Naval Research, 
Project Designation No. NR 140-455 U. S. Naval School of Aviation 
Medicine and The Bureau of Medicine and Surgery "NM 001 063.01.15 
(formerly NM 001 037)" 10 pp. (0) 


"The object of the present study was to determine how well subjects adjust a visual 
target from an initially tilted position to the vertical while they are maintained 
in a position of tilt. The adjustments were made in the absence of a visual frame 
of reference. Five male Ss adjusted | a visual target, the Navy Orientation Room, 

to the vertical from positions of 45° tilt in both right and left upper lateral 
quadrants. During the adjustment their bodies were maintained in the upright or at 
any one of eight positions, 5° 9 O° » 169 for 20° to the right or left of the gravi- 
tational vertical. S's task was to adjust the room until he felt that it was 
aligned with the upright of the external world. Each S made 20 adjustments for 
each of the positions of body tilt, 10 with the rom offset at 45° right and 10 
with the room offset at 45° left. For the upright each S made 20 adjustments of 
the room from 45° left and 20 adjustments of the room from 45° right. Results 
indicate that there is no increase in variability of the indices of’average and 
constant error with increase in magnitude of body tilt. With increase in amount 

of body tilt there is an increase in the average error of adjustment. Shifts in 
constant error are interpreted in terms of the Aubert (A) phenomenon and the Muller 
(EB) phenomenon. There is an increase in constant error in the direction of the 
phenomenon experienced with an increase in the amount of body tilt. The changes 

in average and constant error are statistically significant. The results are dis- 
cussed in relation to the work of previous investigators.” 


2720 The Perception of the Vertical: VIII. Adjustment to the Vertical 
As A Function of the Magnitude of Tilt and the Duration of Exposure 
Cecil W. Mann and Passey, George . 
Joint Project Report No. 14. The Tulane University of Louisana 
under Contract N7onr=-434 T. 0. I. Office of Naval Research, 
Project Designation No. NR 140-455, U. S. Naval School of Aviation 
Medicine and The Bureau of Medicine and Surgery "NM 001 063.01.14 
(formerly NM 001 037)". 10 pp. (0) 
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"The object of the present experiment was to determine the effect of varying 
amounts of initial tilt and various times of exposure in position of initial tilt 
upon the adjustments made to the postural vertical in the absence of a visual 
frame of reference. Three Ss were subjected to tilts 5, 15, 25, 35, 45 and 55 
degrees in the lateral plane, and were maintained in these positions of lateral 
tilt for periods of 0, 5, 15, 25, 35,46,55and 65 seconds prior to being allowed 
to return themselves to the gravitational vertical. Each § was given 10 adjust- 
ments fromeach position of the tilt and time of exposure making 480 adjustments 
for each S. Half of the adjustments of S were made from the left upper lateral 
quadrant and half from the right upper lateral quadrant. The adjustments were 
made during 20 experimental sessions for each S, With increasing duration of 
exposure to tilt there is an increasing average error of adjustment and a shift 
of constant error of adjustment in the direction of initial tilt. Increasing 
the amount of initial tilt is accompanied by an increasing average error of ad- 
justment and a shift of constant error in the direction of initial tilt. An 
4nerease in the duration of exposure to tilt and an increase in amounts of initial 
tilt produces no significant change in variability of either average or constant 
error. The results are related to previous work in this area and curves are fitted 
to the empirical data. These curves are proposed as theoretical functions.” © 

275. The Perception of the Vertical. VII Effect of Va 
Of Delay in a osition Upon the Perception o 
Vario. ee 
Cecil W. Mann, George E. Passey and Ambler, Rosalie K. 
_ Joint Project Report No. 12. The Tulane University of Louisana 
under Contract N7onr-434 T. 0. Ie Office of Naval Research, 
Project Designation No. NR 140-455. U. S. Naval School of Aviation 
Medicine and Research and The Bureau of Medicine and Surgery. 
"NM 001 063.01.12 (formerly NM 001 037)" 12 pp. (0) 
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"The present study investigated the effects of varying durations of exposure upon 
adjustment to the, gravitational vertical. Passey and Guedry have shown that when 
adjustments to the vertical were made following a 60 second exposure to tilt there 
was a statistically significant increase in the average error of adjustment to the 
gravitational vertical. Following 60 second exposure they also noted a greater 
number of errors made in the direction of initial tilt. Artifacts of their appara- 
tus made it impossible to use the index of constant error. In the present study 
12 Ss were subjected to a tilt of 45 degrees in either quadrant in the lateral plane 
using the Tulane Lateral Tilt Chair. They were exposed to tilt for periods of 0, 
15, 50; and 45 seconds following which they readjusted to the gravitational verti- 
cal in the absence of a visual frame of reference. Each § made 24 adjustments for 
each duration of exposure to tilt, twelve determinations from sach upper lateral 
quadrant. Data. for the determinations in each quadrant were subjected to statis- 
tical analyses separately since it was. demonstrated that adjustments differed with 
respect to the quadrant fromwhich they were made for the delayed readjustment 
trials. With increasing time of exposure to tilt there was an increase in the 
constant error in the direction of initial tilt. With increasing time of exposure 
there was also an increasing average error and an increasing number of errors made 
in the direction of initial tilt. With increasing time of exposure there was no 
increase in thewriability of the data for average error, constant error, or mm- 
er of errors in the direction of initial tilt." 
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274. Influence of Visual Stimulation on Habituation to Rotation 
obert H. Brown and Guedry, Frederick E., Jr. . 
Joint Project Report No. 11. The Tulane University of Louisana 
under Contract N7onr-434 T. 0. I. Office of Naval Research, 
Project Designation No. NR 140-455. U.S. Naval School of 
Aviation Medicine and Research and The Bureau of Medicine and 
Surgery "NM 001 063.01.11 (formerly NM 001 037)". 12 pp. (0) 


"This report is concerned with an investigation of habituation to rotation under 
three different conditions of visual stimulation. For the purposes of this report, 
habituation to rotation is defined as a decrement in the duration of post-rotationak 
apparent motion of visual objects with repeated rotation. 


"Three groups of 12 subjects were subjected to identical conditions of rotation and 
Visual stimulation on certain trials in a series of 20 rotation trials. The groups 
were compared on the basis of these trials only. Hence the treatment of each group 
was unique only with respect to the trials interpolated between these comparison 
trials. iInter-group differences in stimulating conditions on these interpolated 
trials consisted of variations in the amount and nature of visual stimulation pre- 
sent to allow visual fixation of a target light. 


“Whereas one group which had very little opportunity for fixation of the target 
during the 20 trials did not exhibit habituation, the other groups, with greater. 
opportunities for visual fixation, manifested significant amounts of habituation.” 


275. Perspective Analysis of Approach Light Patterns. 
2 & Warren : 


Technical Development Report No. 96. Civil Aeronautics Adminis- 
tration Technical Development, Indianapolis, Indo, 113pp., Aug.1949 (0) 


"This report describes the perspective studies of eight different approach 
lighting systems. Twelve studies of each system were made showing how each 
pattern will appear to the pilot who is letting down on the proper approach path 
or on one of several erroneous paths. Four of these studies assume unlimited 
visibility while the remaining eight assume that the approach lights are visible 
for approximately 1,000 feet only. : 


"The effect of cockpit cut-off is not shown on the perspective sketches. Instead, 
cockpit cut-off templates are included for three types of transport airplanes. 
These templates may be placed over the perspective drawings to show the cut-off 
effect. 


"The slope line system furnishes more accurate information than any of the other 
Systems. Those systems with special devices to indicate attitude give good infor- 
mation on attitude and usually give a good indication of lateral position with 
respect to the approach axis. The bars in the Calvert system give the best indi- 
cation of attitude. The single row systems, as well as some of those systems of 
two or more rows of point sources, may furnish ambiguous information. None of the 


systems except the slope line system furnishes any reasonable indication of alti- 
tude. 


"Use of studies such as these will not eliminate the need for field testing of 
approach light systems, but will furnish considerable preliminary information for 
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engineers engaged in designing or installing them. Further use may be made of 
them for preliminary instruction for pilots flying an approach light system for 
the first time.” 


276. Instrument Lighting - Investigations of Ultraviolet Reflections 
art tudy of Dark Adaptation During Observation of an 
Ultraviolet Activated Aircraft Instrument Panel 
Aeronautical Medical Equipment Laboratory, Naval Air Experimental 
Station, Naval Air Material Center, Philadelphia, Penna. 
Report TED No. NAM 31334, Part 3. 10 pp. (1950) (0) 


"Measurements of dark adaptation thresholds while viewing an aircraft cockpit in- 
strument panel illuminated with ultraviolet floodlights were obtained on two 
trained subjects. These data are compared to thresholds attained by the same 
subjects during a similar period in darkness. It is concluded that dark adaptation 
is impaired while viewing the test panel and for each subject the mean impairment 
is constant during observations of the panel. For one subject the mean impairment 
of dark adaptation while viewing the test panel was approximately 0.40 log units 
(micro-micro-lamberts). The mean impairment of dark adaptation for the other 
subject was approximately 0.20 log units (micro-micro-lamberts ).” 


277. A Comparison of the Visual and Auditory Senses as Possible 
Channels for Communication. . 
Pau 0 eatham is, 
United States Air Force, Air Material Command, Wright-Patterson 
Air Force Base, Dayton, Ohio - Technical Report No. 5919, pp.1=-28 
(1960) © (0). - 


"This report has presented information which would be needed in research designed 
to compare vision and audition as sensory channels for communication purposes. A 
review of the military literature and of the standard psychological literature 

for the last ten years has been made. This survey has produced only a few studies 
which compare vision and audition directly in relation to communication. The 
basic data of visual and auditory discrimination were presented in the form of a 
dimensional analysis centered around the arbitrary levels of discrimination of 
visibility and audibility, and legibility and intelligibility. ~~~ 


"In general, visibility and audibility have been investigated fairly extensively 
in the classical literature. However, there is very little experimental work 
on visibility and audibility for specific types of displays. Even less work has 
been done on the psychological scaling of the various discriminatory processes 
for the purpose of presenting complex information. The effects of visual noise 
and other types of distortion have hardly been touched upon in relation to dis- 
crimination along the several dimensions. 


"At the discrimination level of legibility and intelligibility, the applied experi- 
mental work is more extensive. Here too, however, is a lack of scaling for dis- 
crimination of various spatial and temporal patterns. For example, practically no 
research exists on the discrimination of temporal patterns for both vision and 
audition. Research is also needed on the effects of noise and distortion, espe- 
cially in relation to visual pattern discrimination. 


"The report, then, not only affords data and sources of data for the experimental 
comparison of audition and vision, but reveals also the major areas, within the 
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limits of this dimensional analysis, which would seem to need research attention. 


CONCLUSIONS 


"1. If a new visual system of communication is to be employed for air-to- 
ground and ground-to-air exchange of information, this system must be evaluated 
in relation to the present auditory systems. Such evaluation would need to be 
made under both laboratory and field operating conditions. ? 


"2. Research studies which compare vision and audition directly in relation 
to communication, or which are concerned mainly with the presentation of complex 
information by the coding of sensory dimensions, are noticeably scarce in the 
military literature and in the standard psychological literature. 


"3. Studies should be made in which vision and audition are compared directly. 
Variations should be made along comparable dimensions for the two senses, at the 
visibility-audibility and legibility-intelligibility levels of discrimination, 
using the same criterion of response for both sense modalities. A suggested cri- 
terion would be the efficiency of response in a motor task which would allow a 
moment~to-moment measure, such as time-on-target. Such a measure would be sensi- 
tive enough to reveal small differences in efficiency as a function of the sense 
modality and the dimension of stimulation.” 


Zz ’ 


\\ 


, ate 


Yyt fz Z 


